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PREFACE 
Speakers rarely produce their utterances in a perfectly fluent and smooth concatenation. 
They often pause, they insert numerous "eh's", they repeat words or part of words, or 
they get completely stuck in a sentence. These interruptions of the speech flow have 
been denoted with a variety of names: hesitations, nonfluencies, disfluencies, 
stuttering, pauses. Throughout this dissertation the general term "disfluencies" is used. 
Disfluencies are thought to arise not from mere peripheral events, like running out of 
breath, or inertia of the articulators. Rather the common view is that special linguistic or 
motor control mechanisms are involved 
This thesis addresses two fundamental questions about disfluencies. First, what are 
the mechanisms determining the occurrence and the specific form or structure of a 
disfluent speech event? And second, why is there a special population - stutterers -
which is hampered by an abundant amount of disfluency, without demonstrating any 
other noticeable linguistic and articulatory defects? In chapter 1, a theoretical position 
towards these questions, the covert repair hypothesis, is elaborated. Basically, the 
covert repair hypothesis contends that disfluencies arise as a speaker, upon discovering 
that a linguistic error has intruded the speech program she/he is about to articulate, tries 
to correct this error before its overt appearance. Disfluencies thus are related to repair 
mechanisms in speech production. More precisely, they are considered side-effects of 
covert repair activities. Repair activities in speech production are assumed to be 
governed by the speech monitoring function. Monitoring is the process by which 
speakers verify the correctness of the speech flow. Its specific purpose is to detect and 
correct (speech) errors. 
The above reasoning motivates a comparison of disfluencies with two other 
prominent speech phenomena: speech errors, e.g. phoneme transpositions and word 
blends, and self-repairs, i.e. corrections of overt errors. In chapter 2, the effects of 
speaking accuracy on these three incident types are examined for normal speakers. The 
main purpose is to see whether disfluencies resemble self-repairs, and to what extent 
they are affected by the accuracy of speech output which a speaker tries to achieve. 
Chapter 3 reports a similar experiment conducted with a group of stutterers. A further 
study of disfluencies, speech errors, and self-repairs is reported in chapter 4, in which 
the accuracy manipulation is combined with masking of the auditory feedback by white 
-3^ 
noise. An important issue is what will happen to speech monitoring if speakers' 
auditory perception of their own speech is inhibited. Bearing on this issue, self-repair 
patterns are analysed in detail. 
If disfluency resides in speech monitoring, an apparent question is whether 
stutterers' monitoring processes differ from those of normal speakers. Several theories 
have proposed that stuttering derives from a defect in the monitoring of speech-auditoiy 
feedback. Hence, in chapter 5 stutterers' monitoring performance is compared to that of 
normal speakers as a function of the availability of information sources about the 
speech flow, i.e. the presence of the auditory and internal loops. 
No repairing without an error. Consequently, no disfluency without some internal 
speech (programming) error. From this basic logic it is argued that stutterers' fluency 
problems are caused by an excessive amount of internal speech errors, deriving from a 
phonological programming defect. In chapter 6 phonological encoding processing in 
stutterers are explored. Chapter 6 further includes a small study of manual reaction 
times in stutterers. 
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CHAPTER 1 
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MONITORING, STUTTERING, AND THE COVERT REPAIR HYPOTHESIS 
This thesis deals with the role of the monitor function during speech production in 
the causation of disfluencies. The present chapter describes the general theoretical 
frame from which the empirical work reported in the further chapters originated, and 
against which its outcomes should be weighed. First, an elaboration of the concept of 
speech monitoring is given. Next, attention is directed to what disfluencies are, 
specifically to the issue how they can be seen as resulting from interventions by the 
speech monitor. This account of disfluency is referred to as "the covert repair 
hypothesis of disfluency". The covert repair hypothesis is intended as a model for 
disfluency in both normal speakers and confirmed stutterers. The final part of this 
chapter discusses theoretical implications of the model for the latter group specifically. 
PART I: MONITORING IN SPEECH PRODUCTION. 
Stimulated by the growing interest in cybernetic theory, closed loop control models 
of speech production received much attention in the early fifties (Fairbanks, 1954). The 
basic idea in closed loop control is that each speech command is triggered and to some 
extent regulated by the sensory feedback returning from the previously executed speech 
command. Various types of sensory feedback arise during speech production (e.g. 
proprioceptive, tactile, and auditory signals), and may be employed in closed loop 
control. Despite its original appeal, strong objections have been raised against the 
closed loop control approach (see Borden 1979; Kent 1976; Kent and Moll, 1975; 
Lashley, 1951). A prime objection is that feedback arrives too late to account for the 
timing relations observed between successive articulatory gestures. Furthermore, 
closed loop control models have difficulty in explaining coarticulation and speech error 
patterns, as both phenomena reflect influences of coming speech commands on those 
currently executed. Also, it has been found that under inhibition of feedback, for 
example masking auditory feedback by noise, or eliminating tactile feedback by local 
anesthesia, speech remains reasonably intelligible (Hardcastle, 1975). 
Following these objections against closed loop control models of speech production, 
the opposite view of open loop control or preprogramming (Lashley, 1951) become 
more popular. This view holds that the commands for an utterance are compiled 
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centrally and in advance of the beginning of a movement sequence. The entire sequence 
is thought to be executed uninfluenced by sensory feedback (Keele, 1968; Kent, 1976). 
Though the latter assertion seems to be accepted generally (cf. Borden, 1979; 
Hulstijn, 1987; Scott Kelso, Tuller, and Harris, 1983), feedback may still play an 
important role in speech production. In the first place, the programming system needs 
to have knowledge about the peripheral apparatus, about which motor commands 
correspond to which articulatory trajectories, and how the latter in turn relate to certain 
acoustic targets. Sensory feedback seems crucially important during the stage of 
acquisition of this knowledge, i.e. in childhood when language and speech skills are 
mastered. People who become deaf at a later age maintain fairly normal speech 
production for many years afterwards (cf. Borden, 1979). Deaf bom children's speech, 
however, is severely deficient (cf. Maassen, 1985). In addition, in both the developing 
and the matured speech production system feedback serves as a reset facility which can 
deal with variability and disruption in the speech apparatus (Kent, 1976; Kent and 
Moll, 1975), i.e. it allows readjustment of programming strategy. Alteration of 
feedback, for example in delayed auditory feedback (DAF) speech, or in bite block 
experiments, leads to compensatory behaviors. In the DAF case these compensatory 
actions are disruptive rather than productive (cf. Borden 1979; see also Lee, 1950). In 
the bite block experiments, however, subjects have been found to adapt quickly and 
successfully to sudden, experimentally induced changes in the speech periphery (see 
discussion by Levelt, 1989, pp. 450-452). Arguably, feedback signals are employed to 
compute these readjustments. Thus, feedback may be used in a noncontinuous, 
regulative fashion (cf. Borden, 1979; Neilson and Neilson, 1987). That is, to achieve 
the intended articulatory output the speech production system does not need to sample 
the feedback continuously, but only intermittently. This is essentially what is expressed 
by the term monitoring. Sensory feedback may influence speech production when it is 
monitored. Monitoring, in turn, must be regarded as a strategy driven and context 
sensitive element of speech production. 
In recent work, Levelt (1983, 1989; see figure 1) has divided speech production 
processes into three global stages. First, there is a nonlinguistic conceptualization stage 
in which the basic topics to be expressed in an utterance are selected and represented in 
a preverbal, propositional code. Second, there is the formulation stage, which provides 
the utterance with its linguistic form. The formulator has two major subdivisions: 
grammatical encoding, i.e. picking the appropriate words (lemmas) and ordering them 
syntactically; and phonological encoding, i.e. elaborating the sound structure of words. 
The end product of the formulator is a phonetic or articulatory program specifying how 
the utterance should be pronounced (phonemes, syllables, stress, intonation). Finally, 
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at the articulator stage this program is translated by the motor system into the speech 
movements which produce audible speech. In addition to, and operating in parallel with 
the planning and execution components, Levelt postulates a monitoring function by 
which the speaker verifies the correctness of the speech flow. Monitoring can be 
defined as the inspection of information sources on (a) the speech which is about to be 
produced, (b) the ongoing speech, and (c) the just produced speech, in search of 
errors. Upon detecting an error the monitor may install a correction process. 
conceptualizer 
рг гЬаІ message 
formulator: 
grammatical encoding: 
string of lemma's 
phonological encoding 
articulatory pia 
articulator 
motor moverne 
MONITOR 
auditory fee 
its — — • sou 
* 
dback 
ι 
nd 
Figure 1 : A speech production model with two monitoring routes: an internal and an auditory loop 
(adaptedfrom Levelt, 1989). 
Which information sources can be monitored? Levelt (1983, 1989) argues that 
speakers have two loops for monitoring (see figure 1): an external or auditory loop, i.e. 
hearing one's own speech, and an internal loop, i.e. inspection of the articulatory plan 
itself, leading to the sensation of inner speech. It should be noticed that Levelt's internal 
loop is not a sensory feedback loop. 
One may take auditory monitoring for granted, but internal monitoring seems less 
apparent. Gamsey and Dell (1984) review four lines of evidence for its existence: (1) 
output biases in speech errors (Baars, Motley, and Mackay, 1975; Motley, 1980; 
Motley, Camden, and Baars, 1982), like spoonerisms creating more often real words 
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than nonwords These biases are attributed to the workings of an internal editor which 
lets certain errors pass more often than others, (2) the rapidity with which speakers can 
intercept their slips (Levelt, 1989, pp 473-474, chapter 4), implying that speakers must 
have some foreknowledge that they are going to slip, (3) the occurrence of isolated 
"editing terms", like eh-inteijections, unaccompanied by an overt error and self- repair 
These events are argued to signal ongoing covert repainng (Levelt, 1983, see p. 12 for 
an extended discussion), (4) psychophysiological correlates of covert editing (internal 
monitoring) (Baars et al, 1975, Motley et al , 1982), like heightened galvanic skin 
responses when a speaker is at nsk to produce a speech error which would create a 
sexual taboo word Further support for internal monitonng is presented by Postma and 
Kolk (chapter 4), who demonstrated that when the auditory feedback was strongly 
reduced by white noise, speakers still frequently corrected themselves. Accordingly, 
subjects in studies by Lackner and Tul 1er (1979), and Postma and Kolk (chapter S) did 
fairly well in registenng their own speech errors under noise by pressing a button. 
Moreover, Dell (1980) found that subjects indeed were able to report errors occurring 
dunng silent rehearsals of tongue twister sentences. 
conceptualizer 
preverbal message 
formulator 
grammatical encoding 
string of lemma's -J—' 
phonological encoding 
articulatory plan 
articulator 
MONITOR 
auditory feedback 
\ / 
efferent, 
proprioceptive, 
tactile feedback 
motor movements sound 
Figure 2 A speech production model with various monitoring routes 
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In contrast to Levelt's dual-loop model (Levelt, 1983,1989), it has been argued that 
other types of information are also open to inspection by the monitor. Several 
possibilities are depicted in figure 2. Borden (1979) and Lackner and Tuller (1979) 
advocate an important role for the monitoring of feedback related to the actual speech 
movements, like efferent (i.e. corrolary discharge signals from the executed motor 
commands), proprioceptive, and tactile feedback. One reason why Levelt has ignored 
these types of feedback probably follows from his decision to locate monitoring in the 
speech decoding or comprehension system. This location has the parsimonious 
property that the same processes used to analyse the speech of others are engaged in 
monitoring self-produced speech. The speech comprehension system, however, does 
not seem equipped with facilities for handling tactile, proprioceptive, and efferent 
feedback. A comprehension based monitor is in line with proposals which suppose a 
close, interactive relation between speech production and perception (Crossen 1985; 
MacKay, 1987). Crosson argues that certain neurological areas involved in language 
comprehension, specifically, the temporoparietal area, also participate in prearticulatory 
monitoring of speech production. 
It has not only been claimed that levels lower than the articulatory plan can be 
monitored, but also higher levels (Laver 1973, 1980; Schlenck, Huber, and Willmes, 
1987; Van Wijk and Kempen, 1987). Intermediate representations, like the conceptual 
code and syntactically ordered lemmas, are within the monitor's span and can be 
changed by its intervention. Levelt (1989) disagrees with this "production based" 
monitoring on two grounds. First, the monitoring of an intermediate level (of a 
planning module) implies an unacceptable reduplication of knowledge. The monitor 
would have to access the same rules and knowledge used by the planning module it is 
currently inspecting, in order to verify its proper functioning. Second, monitoring 
would strongly reduce the speed of a planning module. 
The foremost function of speech monitoring is error correction. Globally, errors can 
be described as parts of the articulatory plan or of the actual speech output which do not 
agree with the speaker's communicative purpose or with his/her general linguistic 
knowledge and standards, i.e. an error violates semantic goals, knowledge about 
syntactic well- formedness, word properties, sound forms of words, or phonotactic 
rules (cf. Dell, 1986; Laver, 1973; and Levelt, 1983, 1989). Errors thus are of various 
types and sizes, all of which can potentially be monitored and corrected: slight 
aberrations in intended meaning, wrong ordering of ideas, improper word choices, 
syntactic inappropriateness, phonemic slips. Also, deviations in voice loudness and 
prosodie information may be monitored. 
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The monitor's error correction function is most clearly present in the phenomenon of 
(overt) self-repair: a speaker backtracking an utterance to revise unintended semantic 
content or to correct a linguistic mistake. Self-repair comprises three global steps (cf. 
Berg, 1986a): error detection, interruption or cut-off, and the correction itself. How are 
errors detected? The problem here is to avoid the postulation of a homunculus who is 
on the look-out for errors. In certain editor models the output is compared with some 
norm representation. Discrepancies between the two would signal error occurrences. 
MacKay (1987, p. 167) opposes this view by pointing out that if the system has 
somewhere stored the correct, and fully specified representation (the norm), it is 
strange why it did not not use it in the first place. A different possibility is to have, 
instead of a richly elaborated norm representation, a set of loosely specified criteria 
against which the utterance plan or the actual utterance is matched. This solution is 
entailed in Baars and Motley's prearticulatory editor (Baars et al., 1975; Motley, 1980; 
Motley et al., 1982). A candidate utterance is tested prior to articulation against various 
rules, semantic, syntactic, lexical etc., which are variable, context sensitive. Certain 
errors are passed whereas others are vetoed. The more an error violates some currently 
prominent criterion, the higher the chance of vetoing is. The Baars and Motley editor 
thus merely judges severity of an error. It does not diagnose whether the candidate 
coiresponds completely to the originally intended linguistic and semantic items. 
Another approach to the problem of how error detection is achieved relates to the 
general notion that in speaking several intermediate representations are generated, 
following a hierarchical organization. Errors would typically occur during encoding of 
a lower level, whilst the preceding representation was still error-free. A monitor might 
thus be sensitive to discrepancies between two successive levels of representation (cf. 
Schlenck et al., 1987). This view, of course, presupposes production based monitoring 
of each level of intermediate representation, and does not apply to error detection by 
means of the auditory loop. In support of such an approach, Norman (1981) has 
argued that the level at which the monitor functions and the level at which the error 
originates should not be too far apart. A monitor working at the semantic level would 
not know how much an individual sound slip contributes to an inconsistency in 
meaning. According to Norman, this type of monitor would have to work through the 
whole process of speech understanding to detect the error. As a matter of fact, the 
solution against which Norman opposes more or less corresponds to the position taken 
by Levelt (1983,1989). In Levelt's model error detection surfaces as the final outcome 
of the analysis of the internal or the overt speech by the speech comprehension system. 
This position implies that only those kinds of self-produced errors can be intercepted, 
which can also be spotted in other-produced speech. Moreover, since error detection 
has to go a long way, the distance between error origin and detection would be 
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relatively large. Hence, it might be difficult to account for certain fast error 
interceptions, sometimes observed in self-repairs (see chapter 4). The strength of this 
argument obviously depends on which time lag one assumes between the internal 
occurrence of the error and its eventual overt appearance. 
The step following error detection is to interrupt the ongoing speech output. Two 
principles may determine the inteiruption point (cf. Berg, 1986a; Nooteboom, 1980). 
One is to interrupt immediately upon detection. The delay between error onset and 
moment of interruption would then relate directly to the moment of detection. The other 
principle is to postpone interruption until certain linguistic boundaries have been 
reached, like syllable, word or phrase boundaries. According to Berg (1986a), the 
decision to forestall interruption would be closely related to the next step in repairing: 
how to continue after interruption, or, how to organize and implement the repair 
proper. The form of the repair proper, in turn, depends on several factors: the moment 
of detection and interruption, the type and size of the error, and its location within a 
sentence or syllable. Especially when the error is of a larger linguistic size, or is some 
semantic inappropriateness rather then a clear-cut linguistic error, more active 
reorganization of an utterance is required. Levelt (1983) and Van Wijk and Kempen 
(1987) have shown that speakers tend to make repairs well-formed: that is they try to 
coordinate the original utterance and the repair part to aid the listener. In addition, 
speakers often retrace some distance in an utterance to a point before the error locus, for 
example, to the beginning of a phrase. In case of phonemic errors, interruption is often 
very quick, and the self-repair simply consists of substituting the erroneous syllable 
with the correct one (cf. Nooteboom 1980; unreported data from chapter 4). Another 
element of the repair proper is the inclusion of editing terms. Self-repairs are regularly 
filled with expressions like " I mean", "sorry", "that is", or with eh-interjections. 
Editing terms serve to help the listener understand the repair better, or to keep the floor 
and signal that some repair activity is going on (Levelt, 1983). Moreover, editing terms 
sometimes appear without any error and self-repair in the vicinity. These cases are 
regarded as signs of concurrent covert repairing (Levelt, 1983; Schlenck et al., 1987). 
Levelt (1989) contends that self-repairing is under central or executive control. Both 
detection of the error and the construction of the subsequent corrective action are 
assumed to be supervised by the conceptualizer, and involve some touch of awareness. 
An alternative position is that self-repairing is a relatively automatic process (cf. Berg, 
1986b). Error detection may be greatly subconscious, and when making the correction 
speakers simply start anew with the material currently in focus, in the hope that the 
proper element will enter the articulatory plan. From recent spreading-activation or 
connectionist models on speech production (Dell, 1986; MacKay, 1987) it may be 
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inferred that such a trial-and-еггог strategy could indeed be effective. In these models an 
intended linguistic control element is usually in competition with a number of 
alternatives. Elements are inserted into linguistic representations according to their 
activation level. Most of the time, the proper element has the highest activation and will 
be selected. However, occasionally a wrong element outmatches the target in activation, 
and precipitates an error occurrence. It is further assumed, that following insertion into 
a linguistic representation, an element's activation level decays rapidly or is inhibited, in 
order to prevent selection of the same element over and over again. Consequently, if, 
after an error, the speech production system simply chooses from the same set of 
control elements again, the chance will be high that the correct element gets selected this 
time (probably having the second highest activation level the first round, and hence the 
highest activation level the second round; cf. Berg 1986b, see also Kolk, in press). 
In sum, in the foregoing it was argued that speakers generally attend the correctness 
of their speech flow. This so called monitoring process in particular comprises 
detection and correction of linguistic and semantic errors. Though there is some dispute 
on which information sources can be monitored and which not, most researchers seem 
to agree that error detection can already take place before the errors are overtly 
produced. In the Levelt model (1983, 1989) this type of monitoring is attributed to the 
internal loop: inspecting the articulatory plan. I will mainly follow the Levelt model 
here. Internal monitoring forms the basis for the explanation of disfluencies, which will 
be discussed in the next sections. This explanation, however, can be adjusted to 
incorporate the possibility that feedback from the speech periphery is employed to 
correct errors preacoustically or preperceptually, i.e. detecting and correcting errors 
before they have led to perceptually identifiable distortions in the speech output. 
PART Π: THE COVERT REPAIR HYPOTHESIS OF DISFLUENCY: 
THE BASIC REASONING. 
Everyday speech is far from being smooth and continuous. On the contrary, 
disfluency is common to all speakers and particularly frequent in confirmed stutterers. 
Disfluencies are marked intenruptions in the speech flow. They do not seem to follow 
from peripheral inertia in speech motor execution. Rather the general notion is that in 
disfluencies specific linguistic or motor control processes are at work. In this thesis, an 
explicit distinction is made between, what I will call, errors (speech errors or tongue 
slips), on the one hand, and disfluencies on the other. One should keep this distinction 
in mind when studying the remainder of this chapter and dissertation. 
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TABLE 1 
Disfluencies, and the presupposed underlying type of internal error and covert self-repair 
Type of Internal Error Type of Covert Repair Resulting disfluency 
Semantic/syntactic error Restart phrase 
Lexical error 
Scmanuc/syntacUc/ 
lexical error 
Phonemic error 
Restart previous word 
Hold execution for some 
time until the right word 
is found 
While holding execution and 
rcformulaung, 
insert ediung term 
Restart interrupted syllable 
trom beginning 
(idem) 
(idem) 
Prolong current sound until 
proper syllabic continuation 
is obtained 
Hold execution next sound 
until proper continuation 
is found 
1 Phrase repetition 
2 Word repetition 
3 Silent pause > 200 ms 
4 Sound interjection 
(filled pause) 
5 * Blocking on syllable 
initial sound 
6 * Prolongation of 
syllabic initial sound 
7 * (sub) Syllabic repetition 
8 Prolonging syllable 
nonimlial sounds (drawls) 
9 Blocking in the midst of 
a syllabic (broken words) 
There are various types of disfluencies, shown in the right hand column of Table 1. 
Stutterers are commonly distinguished from normal speakers by a higher amount of 
disfluency, in particular with respect to the disfluency types marked with an asterisk 
(cf. Bloodstein, 1987, pp. 2-6; MacKay, 1987; Wingate, 1964,1976, pp. 55-60). 
The covert repair hypothesis offers an account of disfluency which (a) is intended as 
a global frame of explanation for all types of disfluencies, (b) is specifically elaborated 
for disfluencies concerning intrasyllabic breaks, and (c) has been extended to apply to 
stutterers' speaking problems. Issue (a) is taken up in this section, the other two issues 
will be discussed in part ΙΠ and IV, respectively. Some consideration should be given 
here to the widely held contention that stutterers' disfluency does not only differ from 
that of normal speakers in a quantitative way, but also that stutterers produce types of 
disfluencies which one never or rarely encounters in normal speakers' utterances. This 
topic is denoted by the distinctive use of the terms "normal disfluencies" on the one 
hand and "stuttering" or "dysfluency" on the other (cf. Alfonso, 1990; Borden, 1990; 
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Wingate, 1984). Whether there exists any essential qualitative difference in the 
disfluencies of stutterers and normal speakers or not, remains yet to be solved. 
Stuttering and normal disfluency seem to lie on the same continuous fluency 
dimension, at least when analysed perceptually (Bloodstein, 1987, pp. 364-365; 
Borden, 1990). In the remainder of this dissertation a central premise is that disfluency 
in stutterers and normal speakers, even when of distinct types, follow from the same 
basic mechanisms (see also p. 21). 
The covert repair hypothesis views disfluencies as by-products of covert repairs of 
internal speech errors. The term internal speech error is meant to include the variety of 
semantic, syntactic, lexical, and (sub)phonemic irregularities discussed in part I. The 
basic idea is that enois can be detected internally, prearticulatory, by the monitor. Upon 
detecting an internal error the monitor will edit a correction of the current articulatory 
plan. When the correction is successful, the error will not appear in the overt output. 
The correction therefore is labelled a covert self-repair. Covert repairing, however, is 
thought to have one serious drawback. It may interfere with the ongoing speech. This 
interference takes the form of one of the asserted disfluency types. 
The foregoing reasoning is nicely illustrated by an example from Hockett (1967). 
Hockett was one of the first to acknowledge the potential relationship between 
disfluencies and self-repairs. Later, MacKay (1976) and Levelt (1983) have put 
forward similar notions. 
(ex. 1) You made so much noise you worke Cor? - wore? - w? - woke Corky up. 
This is an instance of an (overt) self-repair. The speaker needs several tries until he 
finally produces the right form, i.e. accomplishes the self-repair. The example suggests 
that self-repairing may indeed be some kind of probabilistic process. A speaker just 
starts anew in the hope that the correct form will somehow get into the articulatory plan 
(see pp. 12-13). 
To extend the above example, if the speaker had detected the error before it was 
actually out, the following might have happened (according to Hockett, 1967). 
(ex. 2) you w? - w? - w? - woke Corky up. 
Phenomenally, this is a sound repetition, one of the most noticeable types of 
disfluency. In light of the surrounding linguistic context, and remembering the previous 
example, we might be tempted to view its occurrence as resulting from some covert 
repair attempt 
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Covert self-repairing is supposed to include the same three steps as overt self-
repairing. First, detection of the error by means of internal monitoring; second, 
interrupting the speech production processes; finally, revising the articulatory plan and 
putting the revised plan into execution again. The latter two steps are crucial to the 
occurrence and form of disfluency. Which type of disfluency is observed depends on 
the nature of the covert repair process - including the point of interruption - which in 
tum is determined by the type and size of the internal error. 
It may be inherently difficult to engage in covert repairing without hampering the 
ongoing articulatory processes. In other words, fluent covert editing is not easily done. 
Instead, detecting an internal error frequently leads to an interruption which stops the 
ongoing speech completely, or stalls the execution of the currently produced linguistic 
unit. Two possible reasons can be conjectured for such an abrupt arrest. Either, the 
erroneous plan is already sent to the articulator. A rather drastic intervention is needed. 
Or, the repairing of some part of the articulatory plan makes the complete plan, even the 
correct parts, temporarily not available for articulation (for example, as too many 
processing resources are consumed). 
Following interruption, revision of the articulatory plan is assumed to take place. 
The types of covert repairs in Table 1 fall in two global repair strategies (see also Kolk, 
in press). One is retracing in an utterance, and reformulating the corresponding 
articulatory plan from the retraced position (entailed in the disfluency types 1,2,5,6,7). 
The correct parts are inserted unchanged in the new articulatory plan, whereas the 
incorrect part should be replaced by the proper form. In Table 1, it is speculated that the 
type of error determines the retrace span. Semantic and syntactic errors might cause 
restarting from the phrase beginning. Phonemic errors can usually be handled by 
backtracking to the beginning of the interrupted syllable. The second repair strategy, the 
postponement strategy, involves no retracing, but only revision of the not yet executed 
part of the articulatory plan (disfluency types 3,4,8,9). The accompanying interruption 
can be complete (execution is totally stopped) or partial (the currently articulated sound 
is continued). 
PART III: THE COVERT REPAIR HYPOTHESIS FOR INTRASYLLABIC BREAKS OF 
SPEECH FLUENCY. 
The foregoing approach to disfluency in general has been elaborated for a subset of 
disfluencies, concerning intrasyllabic interruptions (in repetitions the rehearsed 
utterance part should not be larger than a syllable). This subset of disfluencies, shown 
in the right hand column of Table 2, can be divided into two groups. The first group 
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TABLE2 
Covert repairing in inlrasyllabic interruptions: relation between how far a syllable is 
executed preceding interruption, and the type of resulting disfluency. 
EfToneous plan: SIT 
Executed part of the syllable 
error detection/miemiption: 
upon 
- (no audible sound yet) 
S 
S 
SI 
SI 
SI 
SIT 
Intended syllable: 
Observed disfluency 
5 # . . SIP 
6SSSIP 
7 S . . S . . SIP 
7 SI . . SIP 
8 SHIP 
9 SI # . . Ρ 
SIT. . SIP 
SIP 
(block) 
(prolongation) 
(repetition) 
(repetition) 
(drawl) 
(broken word) 
(error + self-repair) 
Note. " # " means a tense pause; " . . " means a clear silence 
consists of disfluencies which include the syllable beginning (i.e. (sub)syllabic 
repetitions [7], initial blocks [5] and prolongations [6]). As depicted in the left hand 
part of Table 2, it is hypothesized for these disfluencies that detection of an internal 
(phonemic) error and the subsequent interruption are always followed by a restart from 
the beginning of the interrupted syllable (retrace repair strategy mentioned earlier). 
Which type of disfluency one observes, follows directly from how far the current 
syllable is articulated before it is interrupted. If no audible sound is produced, but some 
form of articulatory positioning has already taken place, a blocking on the initial sound 
occurs. If the first sound of a syllable is produced, restart from the syllable beginning 
will either lead to a sound repetition or to a sound prolongation. The latter, of course, is 
only possible if it is a continuable phoneme. Prolongation would follow from a 
smooth, consecutive repeating of the phoneme in question. Whether a prolongation or a 
repetition surfaces may depend on how far the phoneme is completed at the moment of 
interruption. When more sounds of the syllable are already uttered upon interruption, 
restart from the syllable beginning would result in a repetition of a larger size. The 
emphasis in this explanation on the syllable beginning as the starting point of retracing 
follows the generally accepted view that syllables are basic units of articulatory 
execution (cf. Levelt, 1989, p. 318). 
Noninitial disfluencies within a syllable (drawls [8] and broken words [9]) are 
attributed to the postponement repair strategy: stalling or cutting off execution in the 
midst of the syllable without retracing. The postponement strategy is also assumed to 
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underly silent [3] and filled pauses [4] (see Table 1). Moreover, it is not unlikely that, 
some or all, blocks [5] and prolongations [6] are due to this repair mechanism rather 
than to the retrace strategy. 
The model discussed above suggests a dependency of the syllabic locus of the 
internal error on the syllabic locus of the interruption, and, therefore, also on the type 
of disfluency observed. For example, if the error concerns the first sound of a syllable, 
the only way to prevent it from getting out is to stop immediately at the beginning of the 
syllable. In other words, to block on the syllable's first sound. In tum, repetitions and 
prolongations would derive from noninitial errors. The internal error, however, could 
reside as well in another syllable than the one interrupted. In that case, the relation 
between internal error position and type of disfluency is less straightforward. Whereas 
in drawls [8] and broken words [9] it seems most likely that the error is located in the 
not yet executed part of the intemipted syllable, for the other disfluencies discussed in 
Table 2 one can not be as sure. This issue depends on the supposed look-ahead range 
of the internal monitor. Timing relations between monitoring and articulation processes 
are matters of speculation, as yet. In part Г they receive some further attention (p. 21). 
As implied by the foregoing, two factors may determine the form of intrasyllabic 
disfluency: the syllabic locus of the interruption, and whether or not interruption is 
followed by backtracking to the syllable beginning. Like with overt self- repairs (p. 12), 
the moment of interruption in covert repairing could be controlled by two drives. One is 
to stop immediately after detecting the internal error. Depending on the distribution of 
errors over syllabic positions, potentially each syllabic locus is open to interruption. 
The second drive is to first complete some linguistic structure before halting. If such a 
drive exists, the syllable's inherent structure would certainly be an important 
determinant of the cut-off point. For example, interruption might have to wait until an 
intrasyllabic boundary is reached. Speech error data (MacKay, 1972) indicate that 
syllables are composed of two major constituents: the onset (initial consonant cluster), 
and the rime (vowel от nucleus and final consonant cluster or coda). It is relatively easy 
to break up these two constituents. However, phonemes sequences belonging to the 
same constituent are harder to segregate. Applying this model of the syllable structure 
to stuttering, Wingate (1988) claims that interruption in stutterers' disfluencies 
primarily occurs at the demarcation between onset and rime. More precisely, stuttering 
is thought to result from the failure to attach the syllable onset to the rime. Though 
potentially quite attractive, one may doubt, whether Wingate's proposal fits the data. 
Among other things, it predicts that in stutterers' repetitions a strong bias would be 
present to entail either the complete onset or the complete syllable. Stromstra (1986), 
however, reports that in children, who later became persistent stutterers, syllables were 
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often interrupted intraphonemically, viz. in the midst of vowels. A modification of 
Wingate's idea, integrated in a repair account, could be that interruption in generally 
respects two boundaries. One, the most frequent choice, is the boundary between onset 
and rime. The second boundary is that between nucleus and coda. In addition, a third, 
remaining group of intrasyllabic breaks could result from the drive to stop immediately 
upon error detection. 
To recapitulate, the covert repair hypothesis offers a two- component model of 
disfluency. First, there is a perturbation in the phonological encoding of a speech 
program. Second, there is the attempt to correct this error. The first component, the 
presence of an error, forms the prerequisite for the inception of a disfluency. The 
second component, the correction, is responsible for the specific structure of the speech 
interruption. I claim that it is hard to account for any specific disfluency from an error 
point of view alone. The correction part is crucial in explaining the form of the 
disfluency. 
The above claim has a notable consequence for the observation that silent and filled 
pausing is rather frequent in places where linguistic uncertainty and demands for 
language formulation are high (for a summary, see Starkweather, 1987, pp. 22-23). I 
want to argue that these circumstances themselves do not directly cause the hesitation. 
Rather, they increase the likelihood that some kind of irregularity in linguistic 
programming occurs. This irregularity, a semantic, syntactic, or lexical error, is likely 
to be monitored. The monitor then installs the corrective intervention which is assumed 
to underly the silent or filled pause. This explanation should also apply to the fact that 
locations of high linguistic complexity appear to elicit more stuttering (Wells, 1979). A 
comparable reasoning on silent and filled pauses is advocated by Schlenck et al. 
(1987). Schlenck and colleagues have ascribed these hesitations to a prearticulatory 
(production based) monitor which interrupts speech production in case of trouble in 
word finding or syntactic planning. 
PART IV: THEORETICAL IMPLICATIONS OF THE COVERT REPAIR HYPOTHESIS FOR 
STUTTERERS. 
The covert repair hypothesis was developed as a model of disfluent speech 
interruptions in normal speakers as well as in stutterers. In the following, theoretical 
implications of the general model are discussed for stutterers in particular. These 
implications concern two issues: why arc stutterers greatly disfluent; can the covert 
repair hypothesis cover certain special characteristics of stutterers' disfluencies? 
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Under the covert repair hypothesis stutterers are assumed to possess adequate 
speech monitoring skills. The reason for their fluency problems then is attributed to a 
deficit in the phonological encoding of an utterance, i.e. in generating the articulatoiy 
plan. This deficit makes the articulatoiy plan vulnerable to phonemic and phonetic 
distortions, bearing a strong resemblance to well-known speech error or slip of the 
tongue categories, like phoneme reversals, deletions, or substitutions (Kolk, in press; 
Postma, Kolk, and Povel, in press). In turn, these distortions provide many 
opportunities for covert self-repair, and would thus hamper speech fluency 
considerably. In other words, the high amount of disfluency in stutterers starts with a 
high internal error rate in their articulatory plans, and eventually results from internal 
actions to correct these eirors. 
Kolk (in press) offers a spreading-activation elaboration (see also p. 13) of the 
underlying deficit in stutterers. He argues that the build-up of activation of phonemic 
control elements is too slow in stutterers. Consequently, if selection of an element for 
insertion in the articulatory plan takes place at normal time intervals, the risk of 
choosing an incorrect element is high because of an elevated degree of response 
competition from alternative elements. Hence, to improve their fluency, stutterers 
would need to enlarge the steps between successive insertions of control elements. In 
other words, they should speak at a substantially lower pace. 
Also bearing upon the presumed phonological encoding disorder in stutterers is a 
recent proposal by Wingate (1988). Wingate reports evidence that various language 
skills - word fluency, word association, story telling - are poor in stutterers. On basis 
of these and other findings, he claims that "... stuttering is a defect in the language 
production system, a defect that extends beyond the level of motor execution" (p. 239). 
Stuttering is thought to arise from a lack of proper synchrony of linguistic elements, 
comprising central utterance planning and assembly. A major determinant of such 
asynchrony concerns word readiness or lexical access. Lexical access involves two 
steps (Levelt, 1989): first, lemma retrieval; second, the phonological elaboration of the 
retrieved lemma. Wingate seems to be referring mostly to this latter step in lexical 
access. He conjectures that it is the representation of the noninitial phonemes of words 
which is impoverished in stutterers, and thus handicaps their phonological encoding 
processes. After having retrieved the first sound of a word, stutterers encounter severe 
difficulty in propagating the remaining sounds. This eventually amounts to a disfluent 
breakdown. The idea that there can be differences in strength of representation between 
the component sounds of words is supported by "tip of the tongue" data (Brown and 
McNeill, 1966). Interestingly, these data show that word beginnings are encoded better 
than noninitial segments. 
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As mentioned before, there may be certain notable, qualitative differences between 
stutterers' and normal speakers' disfluencies, in particular with respect to tension, 
duration, and speed of the stuttered elements. How would the covert repair hypothesis 
deal with this kind of difference? In chapter 3 it is speculated that increased tension 
observed in stutterers' disfluencies could be a consequence of the continuous repair 
activity in which they are assumed to engage. Moreover, lengthened duration of 
stuttering blocks are thought to result from the fact that covert repair interventions are 
not successful instantly - due to recurrent appearance of the internal errors - but may 
have to be repeated over and over again. The covert repair hypothesis does not directly 
address the issue of the generally elevated speed of consecutive disfluent elements, e.g. 
of a multiple repetition of the same sound, in stutterers. Starkweather (1987, pp. 27, 
118, 195) reports that the frequency of movement in such sound and syllable 
repetitions is close to the maximum diadochokinetic rate, and should lie at about five or 
six syllables per second. Obviously, this leaves very little time between two successive 
repetitions. Under the covert repair hypothesis, several actions are supposed to go on in 
that short period (also including the duration of the repeated segment): reparation of the 
articulatory program, putting the revised plan into execution again, monitoring the 
revised plan, detecting the (same) error, and issuing another interruption signal. Hence, 
the question may be raised whether there is enough time for all these activities in the 
gap between the onsets of fast, adjacent repetitions in stutterers. I contend that there is. 
First, disfluent repetitions do not exceed the speed of diadochokinetic repetitions. The 
latter undoubtedly are under speakers' executive, voluntary control. Second, Levelt 
(1989, p. 473) argues that even in an extreme case in which there is less than 100 
msec, before an error is out, covert repairing can work fast enough. 
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ON THE RELATION AMONG SPEECH ERRORS, DISFLUENCIES, 
AND SELF-REPAIRS1-2 
Albert Postma, Herman Kolk, and Dirk-Jan Povel 
In this study the relationship between speech errors (deviations from a speech plan), 
disfluencies (interruptions in the execution of a speech plan), and self-repairs (corrections 
of speech errors), was examined. Two hypotheses were formulated: Either disfluencies are 
special types of speech errors, or they resemble self-repairs, (i.e., they are corrective 
actions applied to anticipated, internal errors). To test these two hypotheses, patterns of 
speech errors, disfluencies, and self-repairs were compared in a task in which speakers 
recited stimulus sentences four times in succession under time pressure. Subjects in one 
condition were explicitly instructed to pay close attention to accuracy of speaking. In 
another condition subjects were told that speech accuracy was not important. A much 
lower speech error rale was found in the higher-accuracy condition, but rates of 
disfluencies and self-repairs did not differ significantly between the two accuracy 
conditions. This is regarded as support for the self-repair account of disfluencies. When 
accuracy of speaking is stressed, speakers tend to avoid and repair speech errors at the 
costs of reduced speech fluency. 
INTRODUCTION 
The present study compared three common disruptions of everyday speech: speech 
errors, disfluencies, and self-repairs. Speech errors are unintended, non-habitual 
deviations from a speech plan (Dell, 1986). They are characterized by the nature of the 
deviation and by the type of linguistic unit involved. Common error categories include 
word transpositions, word blends, phoneme transpositions, and phoneme omissions. 
(For a more complete overview of error categories see Dell, 1986). Disfluencies are 
generally described as interruptions of the execution of a speech plan, rather than 
deviations from this plan. Disfluencies by nature take time, whereas errors do not 
1
 Language and Speech, (1990). 33 (1) 19-29. 
2
 The authors wish to thank Gary Dell and Bruno Repp for their valuable comments, and Christina 
Cclluzzi and Henk Haarmann for their careful reading of the text.. 
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obstruct the speech flow. Examples of disfluencies are filled and silent pauses, 
repetitions of words and longer utterance parts, repetitions of syllables and single 
phonemes, sound prolongations, and blocks (abrupt halting of the speech). Finally, 
self-repairs refer to speakers' backtracking in an utterance to correct a speech error or 
unintended meaning. Self-repairs are evidence that speakers monitor whether their 
utterances have the proper phonetic and syntactic form, whether the right words are 
chosen, and whether communicative goals are satisfactorily accomplished by the 
semantic content 
The relationship between errors and self-repairs is clear, but how are disfluencies 
connected to these two phenomena? One possibility is that disfluencies are a form of 
self-repair. Hockett (1967), for example, suggested that phoneme repetitions in normal 
speakers reflect anticipation of an impending speech error on a subsequent phoneme. In 
line with this proposal, Levelt (1983), in his elaborate study on self-repair, treated 
certain disfluent utterances as covert self-repairs. These utterances contained some 
editing term, a filled pause, or a repetition of one or more words, which were 
interpreted as signs that covert editing of the speech plan was taking place. 
Furthermore, Kolk (1990) extended Hockett's proposal for phoneme repetition in 
normal speakers to blocks and prolongations. Like Hockett (1967) and Levelt (1983; 
1989, p. 469), Kolk made the assumption that speakers have the ability to scan not 
only their speech output, but also their speech plans prior to articulation. Consequently, 
potential errors can be detected and corrected before they appear in the output. Such a 
corrective intervention, however, will occasionally interfere with ongoing speaking, 
thus causing a disfluency. 
In contrast to the view that disfluencies are a form of self-repair, one could regard 
them as special types of speech errors. Phoneme repetitions, prolongations, and blocks 
could be seen as involuntary perseverations of articulatory gestures. In a way, they 
resemble speech errors like phoneme perseverations in which already produced 
phonemes somehow recur in the speech plan and are unintentionally articulated a 
second time, one or more syllables later. Word repetitions can be regarded as 
perseverations of complete lexical units. This is indeed suggested by MacKay (1987, 
pp. 162-163) for substitution errors and stuttering disfluencies, (i.e. phoneme 
repetitions, prolongations, and blocks). It is harder to conceive of filled and unfilled 
pauses as speech errors. 
These two hypotheses about the relationship between speech errors, disfluencies, 
and self-repairs, predict that disfluencies will either behave like speech errors or like 
self-repairs in conditions that cause speech accuracy to vary. To examine these 
predictions, we compared patterns of speech errors, disfluencies, and self-repairs in 
normal speakers who perforaied the same speech task, but with instructions that either 
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did or did not stress accuracy. For other cognitive and motor tasks it has been found 
that subjects are able to reduce error rate when instructed to do so (Howell and 
Kreidler, 1963; Newell, 1980). Accordingly, it was expected in the present study that 
subjects in the higher-accuracy condition would make fewer overt speech errors. Self-
repairs should, presumably, decrease with speech error rate, since they constitute 
reactions to overt errors. It seemed likely, however, that the tendency for self-repair 
would be stronger when subjects aim for higher speech accuracy, so that the decrease 
in self-repairs would be proportionally smaller than the decrease in speech errors. 
These expectations on error and self-repair rates make it possible to distinguish the two 
hypotheses with respect to disfluency rate: If disfluencies are some kind of speech 
error, they should decrease in proportion to error rate. If, on the other hand, 
disfluencies resemble self-repairs in being corrective actions to anticipated, internal 
errors, their decrease should be smaller than that of the speech errors. The proportional 
change in disfluency rate in the higher-accuracy condition does not have to be exactly 
equal to the change in self-repair rate, but the overall trend should be the same. 
METHOD 
Design 
The experimental task required subjects to repeat a previously displayed sentence 
four times aloud within an indicated time period. The sentences included five tongue 
twisters and five neutral sentences (i.e., not tongue twisters). We chose to use tongue 
twisters to ensure that a sufficient number of speech errors, disfluencies, and self-
repairs would occur. Neutral sentences were included to have a broader linguistic 
variation with respect to the stimulus material. Moreover, interchanging difficult tongue 
twister trials with easier trials on neutral sentences would keep subjects motivated to 
follow the task instructions to their best ability. The sentences were presented four 
times: twice under a time pressure adjusted to be ten percent above a previously 
determined estimate of a subject's maximum speech tempo for a given sentence (high 
time pressure, HTP), and twice under a time pressure ten percent below that same 
estimate (lower time pressure, LTP). Half the subjects received instructions to execute 
the task while paying attention to both speech rate and speech accuracy (HA condition). 
The other subjects were told that they had only to produce an appropriate speech rate 
and that speech accuracy was not important at all (LA condition). Within each accuracy 
condition half the subjects were assigned to the time pressure conditions in the order 
HTP LTP LTP HTP (over four experimental blocks, containing each sentence once). 
The other half received the order: LTP HTP HTP LTP. 
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The experimental design thus included the following within-subject factors: time 
pressure (HTP vs. LTP), stimulus type (tongue twisters vs. control sentences), 
repetition number (1-4) and block number (1-4, reflecting the amount of practice in the 
experimental task). The accuracy conditions were the only between-subjects factor. 
Subjects 
Thirty-two paid students, native speakers of Dutch, with no history of any speech or 
hearing disorder, participated in the experiment. They included sixteen females and 
sixteen males ranging in age from 18 to 29 years, who were evenly divided between the 
two groups. 
Stimulus materials 
The stimuli consisted of ten Dutch sentences: five tongue twisters and five neutral 
sentences (see Appendix). The two stimulus types were matched for length and 
syntactic structure. The tongue twisters were constructed according to principles known 
to make utterances difficult to pronounce (Haber and Haber, 1982). 
Procedure 
Subjects were first asked to read aloud each sentence three times to accustom 
themselves to the stimuli. Next, subjects read again aloud the stimulus sentences, but 
this time as fast as possible. Their speaking rates were measured as follows. Stimuli 
appeared in random order on the screen of an ATARI 1040ST microcomputer. When 
the subject was ready, the experimenter pressed the mouse button of the computer. 
Subsequently a short warning tone was heard. Half a second later another short tone 
signalled that the subject had to start reading at maximum rate. Subjects in the LA 
condition only had to speak very fast. Subjects in the HA condition were told to speak 
also very accurately. By pressing the mouse button after the subject had finished, the 
experimenter registered the time needed to say the sentence. Three separate 
measurements of a single recitation of a sentence were made in this way. The three 
measurements were not in direct succession, but with measurements for the other 
sentences intervening. From the mean of the three measurements for a sentence the 
degrees of time pressure employed in the experiment were computed. Of course this is 
not a very precise method to estimate a subject's maximum speech rate for a particular 
sentence, but it sufficed for the present purpose. 
After these measurements, subjects received extensive instructions about the 
experimental task and about the manner of speaking they should try to attain, according 
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to the accuracy condition they participated in. In the experimental task, a stimulus 
sentence was displayed on the screen with four horizontal bars underneath, equalling 
the stimulus in length. When the subject was ready, the experimenter pressed the 
mouse button. Again, two short tones followed. Subjects were instructed to begin 
reciting the sentence after the second tone. At that same moment, the sentence 
disappeared from the screen, and the bars were removed at a constant rate from left to 
right, starting with the one on top. Subjects were instructed to repeat the stimulus 
completely four times aloud before the last bar had totally disappeared. As an extra 
incentive, a third short tone sounded at that time to signal that the task should have been 
completed by then. Subjects' speech was recorded by a Sennheiser MD 421-N 
microphone on a REVOX A77 tape recorder. 
The stimuli appeared in random order within an experimental block. At the 
beginning of a new block, subjects in the HA condition were again explicitly and 
elaborately instructed to aim for accuracy as well as a sufficiently high speech rate. The 
experimenter pretended that only error free, high quality speech could be used and that 
all other trials would be omitted from the data. In the LA condition, the experimenter 
encouraged a less precise speech mode, suggesting that it would be beneficial in 
attaining high speaking rate. 
Each block started with three trials for each of two practice sentences, one tongue 
twister and one control. During these practice trials additional criticism was provided by 
the experimenter about quality of speaking for subjects in the HA condition. To further 
separate the two subject groups on the accuracy dimension, different types of feedback 
were printed on the screen after each trial. For subjects in the HA condition information 
was provided about both speech rate (too slow or on time) and accuracy (inaccurate or 
correct). This feedback was administered by the experimenter, who registered the end 
of each fourth repetition by pressing the mouse button. He signalled by a second press 
whether the subject had spoken accurately or not. The experimenter was trained to 
listen carefully to the utterances and to consider each deviation, even a relatively small 
one, of the intended sentence to be inaccurate. Though absolute precision of feedback 
was not guaranteed in this way, it seemed adequate for the purpose of motivating 
subjects to aim for high speed and accuracy. Subjects were told to improve their 
performance by paying attention to this information. In the LA condition only feedback 
about rate performance was given. 
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RESULTS 
The following incidents were counted as speech errors: word group omissions, 
word or phoneme (cluster) omissions, substitutions, additions, and transpositions. 
Disfluencies included the categories: blocks (abrupt stops of speech), prolongations, 
sound interjections, and phoneme (cluster), word, and word group repetitions. 
The recorded speech samples were scored blindly by three independent, trained 
judges. Table 1 shows the absolute frequencies of the various incident types, averaged 
across three judges. Interrater reliability was determined by computing the correlations 
between pairs of judges (scores arranged per subject, stimulus type, and experimental 
block), for the speech errors, disfluencies, and self-repairs separately. The mean 
correlation coefficients were 0.95 for the speech errors, 0.89 for the disfluencies, and 
0.91 for the self-repairs (each value averaged over three correlation coefficients, with ρ 
< 0.01). It should be noted that this reliability measure does not reflect the degree to 
which the judges classified incidents into the same subcategories of errors and 
disfluencies. Nevertheless, the classification into global incident categories appears to 
be very reliable. 
The speech error rate per sentence was 0.86 in the tongue twisters and 0.18 in the 
neutral sentences. Disfluency rate per sentence was 0.26 in the tongue twisters, and 
0.07 in the neutral sentences. For the self-repairs these rates were 0.17 and 0.04. 
Analyses of variance (data pooled over sentences within a stimulus category, and 
over repetitions) revealed a significant monotonie decrease across the four blocks for 
speech errors (F(3,90) = 8.77, ρ < 0.01), disfluencies (F(3,90) = 20.12, ρ < 0.01), 
and self-repairs (F(3,90) = 8.67, ρ < 0.01). Speaking clearly benefitted from practising 
the experimental task. For the tongue twisters the practice effect was stronger than for 
the control sentences, as indicated by a significant interaction between block number 
and stimulus type for the speech errors (F(3,90) = 3.1, ρ = 0.03) and the disfluencies 
(F(3,90) = 8.39, ρ < 0.01). 
Time pressure only yielded a significant main effect on speech errors (F(l,30) = 
22.40, ρ < 0.01). In Table 2 it can be seen that speech errors were more numerous for 
the HTP condition. Moreover, there was a significant interaction between time pressure 
and accuracy condition for the self-repairs (F(l,30) = 12.11, ρ < 0.01). Subjects in the 
LA condition made more self-repairs with lower time pressure, whereas the opposite 
occurred for the HA condition. 
Stimulus type, as shown in Table 1, yielded highly significant main effects on 
speech errors (F(l,30) = 162.51, ρ < 0.01), disfluencies (F(l,30) = 87.57, ρ < 0.01), 
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TABLE 1 
Frequencies of the Various Types of Speech Errors. Disfluencies, and Self Repairs for the 
Two Stimulus Types and Accuracy Conditions (HA, LA) 
Spswh «ΤΡΓ5 
word omissions 
word group omissions 
word additions 
word substitutions 
word transpositions 
phoneme (cluster) transpositions 
phoneme (cluster) additions 
phoneme (cluster) substitutions 
phoneme (cluster) omissions 
HA condition 
Normal 
sentences 
12 
2 
1 
10 
0 
0 
16 
40 
80 
Tongue 
twisters 
17 
21 
0 
2 
2 
28 
121 
267 
229 
LA condition 
Normal 
sentences 
8 
3 
0 
1 
1 
5 
11 
116 
152 
Tongue 
19 
19 
0 
6 
3 
35 
261 
749 
427 
total 161 687 297 1519 
Pisflugncieg 
phoneme (cluster) repetitions 
blocks 
prolongations 
sound interjections 
word repetitions 
word group repetitions 
total 
Sel£is>airs 
9 
43 
5 
8 
3 
2 
70 
47 
49 
202 
43 
41 
4 
2 
341 
182 
54 
49 
4 
2 
3 
4 
116 
52 
108 
159 
43 
10 
12 
3 
335 
253 
and self-repairs (F(l,30) = 89.5, ρ < 0.01). For the speech errors there were 
significant interactions between stimulus type and accuracy condition (F(l,30) = 25.76, 
ρ < 0.01), and between stimulus type and time pressure (F(l,30) = 10.02, ρ < 0.01). 
Tongue twisters generated more speech errors, disfluencies, and self-repairs than 
neutral sentences. In particular, with low accuracy instructions and under higher time 
pressure tongue twisters elicited markedly more speech errors. 
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TABLE2 
Frequencies of Speech Errors, Disfluencies, and Self-repairs for the Two Degrees of Time 
Pressure (LTP, ИГР) and for the Two Accuracy Conditions (HA, LA) 
Speech errors 
Disfluencies 
Self-repairs 
LTP 
HIP 
LTP 
HTP 
LTP 
HTP 
HA condition 
350 
498 
187 
224 
86 
143 
IA condition 
815 
1001 
226 
225 
169 
136 
Accuracy condition had a main effect on speech error rate (F(l,30) = 20.22, ρ < 
0.01). Subjects in the LA condition made many more errors than subjects in the HA 
condition. This difference was rather large. Clearly high accuracy emphasis improved 
actual speech accuracy quite a bit. There were no significant main effects of accuracy 
condition on absolute frequencies of disfluencies and self-repairs. 
TABLE 3 
Frequencies of Speech Errors, Disfluencies, and Self-repairs for the Two Stimulus Types 
and for the Four Repetitions of a Stimulus Sentence 
Speech errors 
Disfluencies 
Self-repairs 
Repçtition 
1 
2 
Normal 
sentences 
102 
105 
119 
132 
40 
50 
53 
43 
20 
32 
26 
21 
Tongue 
twisters 
392 
555 
611 
648 
113 
182 
181 
200 
64 
127 
143 
101 
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To analyse the repetition factor (the four successive repetitions of the stimulus 
sentence within a trial), data were pooled for each repetition of a sentence. Repetition 
number yielded a main effect as well as an interaction effect with stimulus type for the 
speech errors (F(l,24) = 21.66, ρ < 0.01; F(3,24) = 14.67, ρ < 0.01), disfluencies 
(F(3,24) = 6.52, ρ < 0.01; F(3,24) = 4.89, ρ < 0.01), and self-repairs (F(3,24) = 
8.22, ρ < 0.01; F(3,24) = 5.27, ρ < 0.01). Table 3 shows that in the first repetition of 
a sentence fewer errors, disfluencies, and self-repairs occurred than in the succeeding 
repetitions. The repetition effect was most clearly present in the tongue twisters. 
The average syllabic speech rate during the measurements, i.e. average induced time 
pressure in the experiment, was about 176 ms per syllable for subjects in the higher-
accuracy condition, and about 149 ms per syllable in the lower-accuracy condition. 
With the lower time pressure 79% of the trials were judged to be in time by the 
experimenter for the HA condition and 85% for the LA condition (i.e., within the range 
indicated by the disappearing bars). With high time pressure these percentages were 
51% and 57% respectively. Though no precise measurements were made of syllabic 
speech rate in the experiment, it is obvious that subjects in the HA condition spoke 
slower. 
DISCUSSION 
The goal of the present study was to examine the relationship between speech errors, 
disfluencies, and self-repairs. Two hypotheses were formulated with respect to this 
issue: Either disfluencies are a certain kind of speech error, or they resemble self-
repairs in being corrective actions to anticipated speech errors. To test these 
hypotheses, we compared patterns of speech errors, disfluencies, and self-repairs in 
two accuracy conditions. The findings show that speech error rate was considerably 
reduced in the HA condition. On the other hand, there was no significant main effect of 
the accuracy manipulation on the numbers of disfluencies and self-repairs. These 
results appear incompatible with the first hypothesis, which predicted a decrease in 
disfluency comparable to the decrease in speech error rate. It does lend support, 
however, to the self-repair account of disfluencies. As hypothesized in the introduction, 
it appears that accuracy emphasis leads to a reduction in the number of speech errors, 
while at the same time the tendency to repair an internally or overtly observed error is 
increased. Together, these two effects are responsible for the differential influence of 
the accuracy manipulation on speech errors on the one hand, and disfluencies and self-
repairs on the other. 
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An important question with respect to this conclusion is: What brings about the 
observed decrease in speech error rates? One possibility is that subjects in the HA 
condition spoke slower and thus produced fewer errors. Though no explicit speech rate 
measurement was made, it is clear from both the overall induced time pressure and 
from the number of trials judged to be in time, that subjects in the HA condition spoke 
less rapidly. When a lower speech rate was induced by relaxing the time pressure, 
speech errors decreased significantly. However, this reduction was quite small 
compared to the large difference in error rate between the two accuracy conditions. This 
then suggests that speech rate variations can only partially account for the accuracy 
manipulation effects on speech error rate. A second possibility might be that the 
primary means by which speakers prevent speech errors from overt appearance is 
covert repair of potential errors. If this were the case, we would have observed an 
absolute increase in disfluency in the HA condition. As such an increase was not 
found, we advocate a third possibility to explain the accuracy manipulation effects on 
speech error rates: The emphasis on accuracy may cause subjects to focus attention on 
speech programming to a greater extent, so that the speech plan contains fewer internal 
errors. As a result, fewer overt speech errors will intrude the speech output. 
In addition to improved speech programming, the relative increase in disfluencies 
and self-repairs indicates, as stated above, that subjects in the HA condition more 
thoroughly monitor their speech output as well as their speech plans prior to 
articulation. Both overt and internal eirors thus have a higher probability of being 
detected and corrected. It is of interest to notice here that disfluencies and self-repairs 
were somewhat more frequent in the LA condition as compared to the HA condition for 
the lower degree of time pressure, but not for the higher degree of time pressure. There 
was a nonsignificantly lower disfluency rate and a significantly lower self-repair rate in 
the HA condition under lower time pressure. Since the highest time pressure used in the 
experiment corresponded to the higher degree of time pressure in the LA condition, one 
could argue that the application of repair strategies is limited at very high speech rates. 
Alternative interpretations of these results are possible. One might question the 
degree to which disfluencies can be affected by experimental manipulations. That is, 
unlike speech errors, disfluency rate may be hard to change in a task like the one used 
here. This obviously is not the case, since the factors stimulus type, repetition number, 
and practice in the experimental task did have an effect on disfluency rate. Disfluencies, 
as well as errors and self-repairs, occurred more frequently in tongue twisters than in 
neutral sentences. Furthermore, all three incident types increased with the later 
repetitions of a stimulus sentence. Practice in the experimental task, as reflected by 
higher block number, reduced error, disfluency, and self-repair rates. So, disfluency 
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rate is clearly not a fixed number in the present task, but tends to vary with general 
cognitive and motoric factors, as practice and phonological composition of utterances. 
It could also be argued that, in the HA condition, subjects only concentrated on the 
prevention of errors violating the intended meaning of their utterances. Since 
disfluencies usually do not distort meaning, speakers find them less worrisome and 
would not deliberately try to suppress them. This reasoning might explain why the 
errors decreased with higher accuracy criteria, but the disfluencies did not. However, in 
the present task communication of intended meaning was completely unimportant. Only 
linguistic well-formedness counted. Indeed, the instructions in the HA condition 
strongly emphasized that any deviation from the intended sentence form was judged as 
inaccurate. It is hard to see why the subjects would interpret this instruction to only 
avoid errors and not disfluencies. 
In conclusion, the present results seem to support the hypothesis that disfluencies 
result from corrective actions to anticipated speech errors. Disfluencies and self-repairs 
originate in related functions of error monitoring in speech production. At the moment, 
this hypothesis needs further testing. Of special interest is the question whether the self-
repair account of disfluencies extends to habitual stutterers. According to Kolk (1990) 
this is the case. In his view the basic problem of stutterers lies in an excessive number 
of flaws in their speech plans. The stutterer is assumed to edit these internal errors by 
continuous self-repair. 
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APPENDIX: 5ΉΜυΐΛΙ5 SENTENCES 
Tongue twisters 
1. De pittige kip pikte de kribbige kater. 
2. De koetsier poetst de postkoets met poets. 
3. Frisse Fientje fietst fluitend langs de Friese fretten. 
4. De trage tor trapte telkens op de trillende takken. 
5. Franciscaner fraters voeren gretige Venczuelaanse geiten. 
Neutral sentences 
1. Deze sterke man bestuurde de wankele boot. 
2. De huisbaas jaagt steeds meer opbrengst na. 
3. Jonge mannen sprinten schreeuwend langs het grote huis. 
4. De grote mannen lopen zwetend in de brandende zon. 
5. Baldadige jongeren ontmoeten zelden geschikte levenspartners. 
-38-
CHAPTER 3 
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SPEECH ERRORS, DISFLUENCIES, AND SELF-REPAIRS OF STUTTERERS IN 
TWO ACCURACY CONDITIONS 1 ·2 
Albert Postma and Heiman Kolk 
The purpose of the present study was to see whether the covert repair hypothesis, 
which views normal disfluencies as the by-products of covert self-repairing of internal 
speech (programming) errors, applies to habitual stutterers. To this end, we examined the 
effects of emphasis on speech accuracy in stutterers on three sorts of incidents: speech 
errors, disfluencies (also including stuttering), and self-repairs. In a condition in which 
they performed a speech task under instructions stressing the accuracy of speaking, 
stutterers made considerably fewer speech errors, than in a condition in which speech 
accuracy could be ignored. On the other hand, disfluency and self-repair rates remained 
about the same. They did increase, however, relative to speech error rates with accuracy 
emphasis. A control group of normal speakers performed in a similar way. Apparently, 
disfluencies behaved like self-repairs. These results support the covert repair hypothesis 
of disfluency, both fa' stutterers and for normal speakers. 
INTRODUCTION 
In a recent work (Postma, Kolk, and Povel, 1990a), we have divided speech 
disruptions into three broad categories: speech eirors, self-repairs, and disfluencies. 
Speech errors are described by Dell (1986) as nonhabitual, unintended deviations from 
a speech plan. They thus violate semantic, syntactic or phonetic criteria. Examples of 
speech errors are word blends, word substitutions, sound omissions, and sound 
transpositions. In self-repairs, speakers redirect part of the original utterance to better 
communicate their intended meaning, or they replace an obvious erroneous element 
with its appropriate form. In his monumental study on self-repairing, Levelt (1983) 
describes various types of repairs. We may divide those into two groups. First, there 
are revisions. As discussed by Levelt, speakers may change or "repair" an utterance, 
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when they decide that they need to present ideas in a different order, or have to express 
themselves more precisely. In revisions a speaker then is reacting to some smaller or 
greater semantic flaw. Second, in the so-called error repairs, one corrects a phonetic, 
syntactic, or lexical error (an error in word choice). Disfluencies may be globally 
typified as interruptions in the forward flow of speech. In Postma et al. (1990a) we 
distinguished the following types: repetitions of (part) syllables, words, and word 
groups (phrases); prolongations of sounds; blocking on sounds (also including within-
word interruptions); and interjections of meaningless sounds. 
Our disfluency types follow for the greater part Johnson's (1961) classical 
categorization. Johnson, however, regards revisions as disfluencies too, whereas we 
have placed them with the self-repairs. Accordingly, Wingate (1988, p. 34), in 
reviewing the literature on normal speech production, presents a "Hesitation 
phenomena list," which features two types of self-repairs, sentence correction and 
word change, as instances of fluency interruption. Remarkably, this list also includes 
omissions and tongue slips. We, on the other hand, have categorized the latter as 
speech errors. We have argued that disfluencies may be distinguished from errors in 
that they are time-consuming events. Speech errors do not necessarily take time or 
obstruct the speech flow. Omissions may even speed up speech output. Self-repairs, 
like disfluencies, interrupt and slow down the speech flow. However, unlike 
disfluencies, they also always involve change or correction. 
An explicit distinction between speech errors, disfluencies, and self-repairs, as 
described above, was essential to the so called covert repair hypothesis of disfluency 
(Kolk, in press; Postma et al., 1990a). In this hypothesis disfluencies are viewed as 
by-products of covert self-repairs applied to internal speech errors. In line with Levelt 
(1983,1989), we assume that speakers have the ability to detect and correct errors prior 
to articulation. As this covert repair activity runs parallel to actual articulation, it may 
regularly interfere with ongoing speech, thus causing a disfluent speech event. Kolk (in 
press) has elaborated on how such covert repairing might underlie three types of 
disfluencies: blocks, prolongations, and (sub)syllabic repetitions. 
The idea of explaining disfluencies as a kind of covert self-repair has been 
entertained before. Hockett (1967), for example, suggests that phoneme repetitions in 
normal speakers reflect a series of attempted corrections on a threatening speech error. 
Speakers may repeat an already produced phoneme when they fear that a subsequent 
phoneme will err. Accordingly, MacKay (1976) noted that in normal speakers certain 
linguistic variables had identical effects on false starts, that is, types of self-repairs in 
which the erroneous word is uttered only partly before correction, and phoneme 
repetitions and prolongations. He therefore argued that these repetitions and 
prolongations "... must reflect anticipatory corrections of programming errors which 
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never become manifest in the surface output." Moreover, Levelt (1983) considered 
certain disfluencies, viz. "uh" interjections and word repetitions, as signs that some 
covert repair activity was taking place. 
Both Hockett (1967) and MacKay (1976) restrict their proposals to normal speakers. 
Kolk (in press), however, claims that the covert repair hypothesis might apply to 
stuttenng as well. Kolk postulates that the core disorder in stutterers is an inherent 
problem in generating and maintaining appropriate phonetic or articulatory plans, that 
is, in phonological encoding (for a discussion of phonological encoding see Levelt, 
1989). More precisely, using the terminology of a spreading-activation approach (Dell, 
1986; MacKay, 1987), the build-up of activation of phonemic control elements is 
assumed to be unusually slow in stutterers. Stutterers, therefore, should delay the 
selection of phonemic elements for insertion in the articulatory plan until the appropriate 
element has accumulated sufficient activation. In other words, they should slow down. 
Indeed, slowed speech rate is known to be very effective in enhancing stutterers' 
fluency (Adams, Lewis, and Besozzi, 1973; Andrews, Howie, Dozsa, and Guitar, 
1982; Perkins, Bell, Johnson, and Stocks, 1979). If selection takes place at normal 
time intervals, the risk of choosing an incorrect element is elevated, because of a high 
degree of response competition from alternative elements (cf., Dell, 1986). This can 
result in a substantial amount of programming errors or internal speech errors, which in 
tum can lead to a large number of covert self-repairs. The latter has a major drawback 
on speech fluency. 
Certain studies have shown that speech planning in stutterers may indeed be 
aberrant. Specifically, in line with Kolk's proposals discussed in the previous passage, 
the duration of speech planning activities seems prolonged. Peters, Hulstijn, and 
Starkweather (1989), for instance, reported that the initiation time of vocal responses, a 
measure of the time needed for speech planning, revealed larger differences between 
stutterers and controls when the response to be produced was longer. Moreover, silent 
reading rates of word lists (Bosshardt and Nandyal, 1988) and of sentences at 
maximum tempo (Postma, Kolk, and Povel, 1990b) have been reported to be slower 
for stutterers than for controls. 
Recapitulating the argument above, it has been contended that stutterers make many 
internal speech errors, and that each such error might lead to a disfluency when repaired 
covertly. This could account for a quantitative difference in disfluency between 
stutterers and normal speakers. What about dyifluency? According to Kolk (in press) 
the same basic repair mechanisms underly both a normal disfluency and a severe 
stuttering block. Two important differences between normal disfluencies and stuttered 
dysfluencies are that the latter take longer and are often accompanied by tension 
(Starkweather, 1987, p. 13). Under the covert repair hypothesis the lengthened 
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duration of a stuttering dysfluency suggests that covert repair interventions may not be 
successful instantly - due to recurrent appearance of the internal errors - but have to be 
repeated over and over again. Increased tension may be a by-product of the contmuous 
repair activity stutterers are assumed to engage in. 
In line with the foregoing reasoning, the purpose of the present study was to 
examine whether disfluency - meant to include dysfluency as well - evidenced by 
stutterers can be described as the result of a covert repair activity. We hereto examined 
how stutterers' disfluency rates compared to self-repair and speech error rates in two 
speech accuracy conditions: one in which accuracy of speaking was stressed, and one 
in which it was unimportant (the same experimental technique was employed by 
Postma et al., 1990a). We conceived two possibilities. Either stutterers' disfluencies 
would behave like their self-repairs, in line with the covert repair hypothesis, or they 
would be closer to speech errors, in deriving from related disturbances in speech 
planning. A priori, we argued that speech errors should decrease with accuracy 
emphasis. Since self-repairs are reactions to overt errors, they might decrease with 
speech error rate. However, the tendency for self-repairing was assumed to be stronger 
when subjects aimed for speech accuracy. Hence, a decrease in self-repairs smaller than 
that of the speech errors seemed likely in that condition. These expectations about the 
accuracy manipulation effects on error and self-repair rates enabled us to distinguish 
between the two hypothesized possibilities: if stutterers' disfluencies were some kind of 
speech error, they would decrease in proportion to error rate. If, on the other hand, 
disfluencies resemble self-repairs in being corrective actions to internal speech errors, 
their decrease would be smaller than the reduction in speech errors. The latter was 
found in Postma et al. for normal speakers' disfluencies. In the present study, besides 
testing whether accuracy emphasis would yield similar effects for stutterers, we were 
interested in whether the strength of these effects would be comparable to that observed 
for normal speakers. Therefore, a new group of nonstutterers was also included. 
METHOD 
Design 
The experimental task required subjects - stutterers and nonstutterers - to recite aloud 
a previously displayed sentence four times within an indicated time period Five tongue 
twisters and five neutral sentences were examined this way. Tongue twisters were used 
to ensure that a sufficient number of speech errors, disfluencies, and self-repairs would 
occur. Neutral sentences were included to have a broader linguistic variation with 
respect to stimulus material. Moreover, interchanging difficult tongue-twister trials with 
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easier trials on neutral sentences would keep subjects motivated to follow the task 
instructions to the best of their ability. The sentences were presented under four degrees 
of time pressure, corresponding to 40%, 70%, 100%, and 130% of an individual's 
baseline speech rate, which was independently determined1 . As the results of the time-
pressure manipulation are of no concern in the present study, we will present the data 
pooled over time pressure degrees2. Subjects performed the complete experimental task 
twice, on two separate days. On one day they were instructed to speak the sentences at 
the required rate and to articulate very accurately (HA condition). On another day they 
were told that only rate was important, whereas speech accuracy was not important (LA 
condition). The order of the HA and LA conditions was counterbalanced. 
In sum, a multi-factorial design was tested with two within-subjects variables: 
stimulus type (tongue twisters versus neutral sentences), and accuracy condition (HA, 
LA), and one between-subjects variable: group (stutterers versus nonstutterers). 
Subjects 
Two female and ten male stutterers - ranging in age from 21 to 39 years -
participated in the experiment. Two female and ten male nonstutterers - ages varying 
from 21 to 47 years - served as a control group. All subjects were native speakers of 
Dutch and had previously participated in another experiment (Postma et al., 1990b). 
None of the nonstutterers had experienced any speech or hearing problems in the past. 
Seven of the stutterers were in therapy at the time of the experiment. Each had been 
diagnosed by a speech pathologist as a stutterer. The other stutterers had been through 
several stuttering therapies in the past, and still considered themselves to be stutterers. 
Three rather severe stutterers were unable to finish the task and were dismissed from 
this study. 
Stimulus materiah 
The stimuli consisted of ten Dutch sentences: five tongue twisters and five neutral 
sentences (see Appendix). These sentences were taken from a larger set used in an 
experiment by Postma et al. (1990b). Tongue twisters and neutral sentences were 
matched in length and syntactic structure. Moreover, as tongue twisters usually have a 
1
 See Postma et al. (1990a) for a descnpuon of (he baseline determination. It should be noted, that the 
baseline used m this study was an individual's normal speech tale for the stimulus sentences, whereas 
in Postma et al. we used his maximum speech rate as a basebne. Stuuerers' average baseline rate was 
306 ± 87 ms per syllabic For nonstutterers it was 239 ± 21 ms per syllable 
2
 Time pressure affected the frequency of speech errors, disfluencics, and self-repairs In particular, the 
highest degree of time pressure (40%) elicited many incidents. 
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rather strange content, an attempt was made to match the two stimulus types in 
plausibility. This was done by substituting each content word in a tongue twister for an 
equally common word, often related in meaning, in the neutral sentence. No test was 
made of the extent to which the match was successful. 
Procedure 
At the beginning of the experiment, subjects received extensive instructions about 
the experimental task and about the manner of speaking they should try to attain, during 
a particular accuracy condition. In the experimental task a stimulus sentence was 
displayed on the screen with four horizontal bars underneath, equalling the stimulus in 
length. When subjects were ready, they pressed a key on the computer keyboard, after 
which two short warning tones sounded. After the second tone, the sentence 
disappeared, and the bars were removed at a constant rate from left to right, starting 
with the one on top. Subjects were instructed to repeat the sentence four times aloud 
before the last bar had totally disappeared. This deadline was further marked by a third, 
short sound. 
In both of the accuracy conditions subjects were requested to speak neither too slow 
nor too fast, that is, they were not to finish the sentence before the last bar was half 
gone. Subjects were free to deviate from the speed at which the bars disappeared as 
long as they finished the last repetition in time and not too fast. In the HA condition the 
subjects also were told to speak as accurately as possible. They should make no errors 
and avoid slurring. In the LA condition it was stated that speech accuracy was not 
important. It did not matter whether subjects made errors or spoke somewhat sloppily. 
Each experimental block started with three trials for each of two practice sentences, 
one tongue twister and one neutral sentence. During these practice trials the 
experimenter commented on the tempo of the subjects, and on their accuracy, 
emphasizing that they should pay more attention to the quality of their speech or, on the 
contrary, that they should not mind precision of output. To further separate the two 
accuracy conditions, different types of feedback were printed on the screen after each 
trial. In the HA condition feedback was presented about tempo (too fast, in time, or too 
slow), and about speech accuracy (inaccurate or correct). This feedback was 
administered by the experimenter, who registered the end of each fourth repetition of a 
stimulus sentence by pressing the mouse button. He also judged whether the subject 
had spoken correctly. The experimenter was trained to listen carefully to the utterances 
and to consider each deviation, even a relatively small one, of the intended sentence 
inaccurate. Though absolute precision of feedback was not guaranteed in this way, it 
seemed adequate for the purpose of motivating subjects to aim for proper speed and 
accuracy. In the LA condition the only feedback given was about speech tempo. 
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Time between the two experimental sessions was at least two weeks to minimize 
confusion between the opposite instructions. Subjects did not know during the first 
session that they would have to perform a second time under different accuracy 
instructions. The second session started with subjects reading the stimulus sentences 
three times aloud as practice. Next, new and extensive instructions were given about 
the accuracy condition. 
The subjects' speech was recorded by a Sennheiser MD 421-N microphone on a 
REVOX A77 tape recorder. Two independent judges blindly scored the tape recorded 
conditions. The following were counted as speech errors: word group omissions, word 
or phoneme (cluster) omissions, substitutions, additions1, and transpositions. The 
disfluencies counted included: blocks, prolongations, (meaningless) sound 
interjections, and phoneme (cluster), word, and word group repetitions. The three 
types of repetitions correspond to Johnson's (1961) part word, word, and phrase 
repetition categones. Blocks included blocking on word initial sounds, as well as 
within-word arrest (broken words, see Johnson, 1961). Furthermore, the speech 
samples were analyzed for self-repairs (Levelt, 1983). In this particular context self-
repairs were all exact corrections of one of the forementioned speech errors. The 
reliability of the counts of the two judges has previously been determined (Postma et 
al., 1990a). In the latter study, they reached a satisfactory degree of agreement 
(Pearson Product-Moment Correlation Coefficients were 0.93 for the summed speech 
error categories, 0.86 for the disfluencies, and 0.91 for the self-repairs, all significant 
at ρ < 0.01). 
RESULTS 
Table 1 shows the absolute frequencies of the various incident types for stutterers and 
nonstutterers over accuracy conditions and stimulus types. A three-factor analysis of 
variance (ANOVA) was carried out - including the factors stimulus type, accuracy 
1
 Special comment is needed on word and sound additions: incorrect extensions of a sentence with one 
or more words, and of a word with an extra sound or syllable Additions, though they clearly are time-
taking events, are scored here and m Postma et al. (1990a) as speech errors, as they induced a major 
change in a sentence's syntactic structure or in a word's syllabic pattern. However, word additions are 
often counted as disfluencies. For example, Johnson's interjection category comprises the insertion of 
not only meamngless sounds, like "uh" (this corresponds to our sound imerjection category), but also 
of words and complete phrases. Moreover, it may be noticed that word and phrase additions often take 
the form of parenthetical remarks. As such, they generally are an inherent part of a self-repair acuon. 
Levelt (1983) calls this editing terms Editing terms serve to make a listener aware of the self-repair and 
help hun understand the nature of the correction. 
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TABLE 1 
Frequencies of the Various Types of Speech Errors, Disfluencies, and Self-Repairs in 
Stutterers and Nonstutterers for the Two Stimulus Types and Accuracy Conditions (HA, LA) 
Stutterers 
Sneech errors 
word omissions 
word group omissions 
wad additions 
word substitutions 
word transpositions 
phoneme (cluster) transpositions 
phoneme (cluster) additions 
phoneme (cluster) substitutions 
phoneme (cluster) omissions 
total 
PisPHsncies 
phoneme (cluster) repetitions 
blocks 
prolongations 
sound interjections 
word repetitions 
word group repetitions 
total 
Self-repairs 
HA condition 
Neutral 
sentences 
2 
5 
0 
6 
1 
0 
22 
18 
35 
89 
SD 4.8 
81 
18 
3 
5 
4 
1 
112 
SD 22.3 
10 
SD 0.8 
Tongue 
twisters 
8 
4 
0 
7 
0 
4 
70 
78 
83 
254 
SD 19.8 
160 
59 
17 
11 
4 
3 
254 
SD 35.2 
46 
SD 2.2 
LA condition 
Neutral 
sentences 
6 
2 
1 
4 
0 
0 
21 
37 
79 
150 
SD 7.2 
47 
9 
5 
3 
2 
1 
67 
SD 7.9 
9 
SD 1.1 
Tongue 
twisters 
10 
13 
0 
7 
4 
11 
78 
148 
151 
422 
SD 30.6 
118 
50 
19 
4 
2 
3 
196 
SD 21.9 
49 
SD 4.1 
continued 
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Table 1. (Continued) 
HA condition LA condition 
Nonstutterers : 
Sprech fflro 
word omissions 
word group omissions 
word additions 
word substitutions 
word transpositions 
phoneme (cluster) transpositions 
phoneme (cluster) additions 
phoneme (cluster) substitutions 
phoneme (cluster) omissions 
total 
Disfluencies 
phoneme (cluster) repetitions 
blocks 
prolongations 
sound interjections 
word repetitions 
word group repetitions 
total 
Self-repairs 
Neutral 
sentences 
0 
0 
0 
1 
0 
1 
10 
17 
27 
56 
SD 5.2 
4 
5 
2 
1 
0 
2 
14 
SD 1.4 
16 
SD3 
Tongue 
twisters 
0 
3 
0 
19 
0 
3 
106 
80 
53 
264 
SD 22.1 
20 
24 
19 
11 
5 
1 
80 
SD 7.7 
65 
SD 6.7 
Neutral 
sentences 
1 
6 
1 
12 
0 
0 
17 
43 
80 
160 
SD 8.4 
16 
7 
2 
1 
1 
0 
27 
SD 2.6 
20 
SD 1.4 
Tongue 
twisters 
6 
8 
0 
29 
1 
6 
128 
136 
172 
486 
SD 26.4 
27 
22 
13 
8 
3 
2 
75 
SD 3.3 
68 
SD 4.6 
condition, and group - for the summed error scores, the summed disfluency scores, 
and the self-repairs separately. 
Table 1 shows that the accuracy manipulation had a significant effect on the speech 
error rates (F(l,22) = 20.99, ρ < 0.01), but not on the disfluency and self-repairs rates. 
As Table 1 makes evident, stutterers and nonstutterers made fewer speech errors in the 
HA condition. There were no significant main group effects for either speech errors, 
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disfluencies, or self-repairs. It may seem somewhat surprising that the substantial 
differences in disfluencies of the two groups and in the two accuracy conditions for the 
stutterers were not significant. This was because only one - rather severe - stutterer was 
responsible for both the group and accuracy condition differences. Without this subject, 
the stutterers produced 156 disfluencies in the HA condition, and also 156 in the LA 
condition. We therefore applied an analysis of variance on the log 10(x+l) transformed 
disfluency scores. When this was done, the main accuracy condition effect 
disappeared, but there was a significant group effect (F(l,22) = 5.98, ρ < 0.05). 
As also can be seen in Table 1, tongue twisters elicited more speech errors (F(l,22) 
= 23.2, ρ < 0.01), disfluencies (F(l,22) = 54.28, ρ < 0.01; computed for the log 
10(x+l) transformed disfluency scores), and self-repairs (F(l,22) = 35.31, ρ < 0.01) 
than neutral sentences. Moreover, stimulus type by accuracy condition was significant 
for the speech errors (F(l,22) = 5.52, ρ < 0.05). Tongue twisters produced 
considerably more errors in the LA than in the HA condition. 
Finally, an analysis of variance was conducted on the ratio of disfluencies to the 
number of speech errors (computed from the number of disfluencies divided by the 
sum of the speech error and disfluency counts, pooled over stimulus types). This ratio 
was significandy higher for the stutterers than for the normal speakers (F(l,22) = 4.82, 
ρ < 0.05), and in the HA condition as compared to the LA condition (F(l,22) = 10.34, 
ρ < 0.01). Also, the ratio of self-repairs to the number of speech eirors (computed from 
the number of self-repairs divided by the number of speech errors, pooled over 
stimulus types) increased significantly with accuracy emphasis (F(l,22) = 6.88, ρ < 
0.01). 
DISCUSSION 
The covert repair hypothesis (Kolk, in press; Postma et al., 1990a) leads to the 
prediction that disfluencies result from covert self-repairs applied to internal speech 
(programming) errors. In order to test the validity of this hypothesis, the effects on 
speech error, disfluency, and self-repair rates of two accuracy conditions were 
examined. It was found that the subjects produced far fewer speech errors in the high-
accuracy condition than in the low-accuracy condition. However, neither disfluency nor 
self-repair rates were significantly different for the two accuracy conditions. Yet, the 
ratios between self-repair and disfluency rates on the one hand and speech error rate on 
the other did increase with accuracy emphasis. Apparently, a higher percentage of overt 
errors was followed by a self-repair. Accordingly, because overt errors are always 
preceded by internal (programming) errors, it can be maintained that the higher ratio of 
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disfluencies to the number of (overt) speech errors reflects the fact that more internal 
errors were repaired at the costs of a disfluency. The present findings thus can be taken 
to support the covert repair hypothesis with respect to disfluency in habitual stutterers. 
It appears that when speaking accuracy becomes more important, stutterers are very 
well able to lower speech error rates. As argued elsewhere (Postma et al., 1990a; see 
also introduction), this may be a consequence of focusing attention during speech 
programming. The speech programs thus will be less troubled by flaws, that is, internal 
speech errors, and, consequently, fewer (overt) speech errors intrude into the speech 
output. In our view, accuracy emphasis has yet another effect: stutterers monitor with 
more scrutiny for errors, both prior to articulation, and in the actual speech. This 
elevates the likelihood of covert as well as overt repair. Higher covert repair rates then 
are expressed by an increase in disfluency relative to speech error rate. The stronger 
tendency for overt repair is reflected by a higher percentage of errors followed by a 
self-repair in the high than in the low accuracy condition. 
One might raise several objections against the foregoing line of argument. First, one 
could maintain that a repair account would predict an absolute increase in disfluency. 
We believe, however, that the analogy with the self-repairs - which logically have to be 
studied in relation to the accompanying speech error rates - gives substance to our 
reasoning on the disfluencies. Moreover, it is quite intruiging that even when speakers 
put more effort into improving their speech output, disfluency rates defy reduction. 
A second objection could be that what the results show is nothing more than what 
Johnson already stipulated in 1961: that self-repairs ("revisions" in his terms) form a 
subset of disfluencies1 . Consequently, it is just as would be expected that the two 
behaved the same. Nevertheless, if one takes this position, the above reasoning is still 
of interest as it provides a theoretical rationale why self-repairs and disfluencies should 
belong to the same category, that is, what the shared underlying mechanisms are. 
Moreover, the present data then would offer additional empirical support for the 
decision to place disfluencies and self-repairs in the same category. 
As a third objection, one might question whether the accuracy manipulation effects 
were not confounded with changes in speaking rate. Stutterers may have spoken slower 
in the higher-accuracy condition, and thus could have reduced their error rates. This 
reasoning might apply to the speech errors, but not to the disfluencies. If accuracy 
emphasis did slow down speech rate considerably, disfluency rates should have 
diminished as well, which was not the case. 
We would like to point out that the controls globally revealed the same patterns as 
the stutterers. Speech error rates in nonstutterers decreased with accuracy emphasis, 
whereas disfluency and self-repair rates were not significantly affected. This replicates 
1
 This alternative view was brought to our attention by an anonymous reviewer. 
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the findings reported in Postma et al. (1990a), and further strengthens the covert repair 
hypothesis for normal disfluencies. Furthermore, stutterers displayed significantly 
more disfluencies - and may have had longer and more tense disfluencies as well - but 
had comparable speech error and self-repair rates. As outlined in the introduction, Kolk 
(in press) contends that stutterers have a core problem in phonological encoding that 
leads to a high internal speech eiror rate. The fact then that overt speech error rates were 
not higher in stutterers, suggests that they must have applied more covert repairing to 
keep their error rates within normal limits. 
Oelschlaeger and Brutten (1976) plead for instruction-based stuttering therapy. 
Though the present results derive from a relatively small group of primarily mild to 
moderate stutterers, the method of accuracy manipulation by means of instructions may 
have significance for such therapies. The covert repair hypothesis suggests that making 
stutterers less concerned about the accuracy of their speech, other things being equal, 
might improve their fluency. Future research should take up this issue further, and 
examine precisely whether and how various errors and disfluencies are affected by 
accuracy instructions. In particular, one might distinguish dysfluencies from 
disfluencies, a distinction ignored in this study. 
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APPENDIX: STIMULUS SENTENCES 
Tongue twisters 
1 De pittige (dp pikte de kribbige kater. 
2 De koetsier poetst de postkoets met poets. 
3 Frisse Fientje fietst fluitend langs de Friese fretten. 
4 De trage tor trapte telkens op de trillende takken. 
5 Slimme fietsers slepen fluitend slome fietsers mee. 
Control sentences 
1 De sullige hond likte de vrolijke slager. 
2 De chauffeur verft de bromfiets met verf. 
3 Stoere Karel loopt schreeuwend naar de Drentse hazen. 
4 De dikke man stopte zelden voor de rijdende bussen. 
5 Domme meisjes lachen stralend knappe meisjes uit 
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CHAPTER 4 
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THE EFFECTS OF NOISE MASKING A N D REQUIRED ACCURACY ON 
SPEECH ERRORS, DISFLUENCIES, A N D SELF-REPAIRS1 • 2 · 3 
Albert Postma and Herman Kolk 
The covert repair hypothesis views disduenoes as by-products of covert self-repairs 
applied to internal speech errors. To lest this hypothesis we examined effects of noise 
masking and accuracy emphasis on speech error, disflucncy, and self-repair rates Noise 
reduced the numbers of disflucncies and self-repairs, but did not affect speech error rates 
significantly. With accuracy emphasis, speech error rates decreased considerably, but 
disflucncy and self-repair rales did not. With respect to these findings, it is argued that 
subjects monitor errors with less scmuny under noise and when accuracy of speaking is 
unimportant Consequently, covert and overt repair tendencies drop, which is reflected by 
changes in disflucncy and self-repair rates relative to the speech error rates. Self-repair 
occurrence may be additionally reduced under noise, as the information available for error 
detection, ι e. the auditory signal, has also decreased. A qualitative analysis of self-repair 
patterns revealed that phonemic errors were usually repaired immediately after their 
intrusion. 
INTRODUCTION 
Levelt (1989) divides the processes involved in speech production in four stages or 
components. First, at the conceptualizing stage, a preverbal, propositional message is 
created, specifying the content of the utterance to be verbalized. Second, the formulator 
takes this message as input and transforms it into a linguistic format. The output of the 
formulator comprises a phonetic or articulatory program, a representation of how the 
utterance should be articulated. Third, this phonetic plan is executed by the articulator in 
the form of motor movements producing audible speech. Finally, Levelt postulates a 
1
 To appear in Journal of Speech and Hearing Research. 
2 The authors wish to thank Dirk-Jan Povel for his careful reading of the text, and Peter Alfonso and 
Ar Thomassen for their valuable comments on this paper. Also, we are very much indebted to 
Madonne Bartels for conducting all the experiments, and her help in the data analysis. 
3
 Part of these data are discussed in a preliminary form in Postma, Kolk, and Povel (in press). 
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monitoring component, which operates simultaneously with the planning (formulator) 
and execution (articulator) stages. The monitor allows speakers to verify the outcomes 
of the planning and execution processes to make sure that everything went according to 
their communicative intentions and/or to general linguistic standards. 
Levelt (1983,1989) hypothesized that speakers employ two information sources for 
monitoring: an internal loop (i.e. the phonetic plan itself) and an external loop (i.e. 
auditory feedback). In this paper we will follow Levelt's dual loop model of 
monitoring. It should be mentioned, however, that, as some have argued, other aspects 
of the speech flow could also be attended to. For example. Laver (1973,1980) and Van 
Wijk and Kempen (1987) suggest that intermediate planning levels preceding the 
formulation of the articulatory plan (e.g. the preverbal message and syntactically 
ordered lemma's) are also checked by a monitoring device. In addition, Borden (1979) 
and Lackner and Tuller (1979) emphasize the monitoring of afferent information 
deriving from the actual speech motor movements, i.e. efferent, proprioceptive, and 
tactile feedback. 
In the present study, a distinction is made between three types of speech production 
phenomena: speech errors, disfluencies, and self-repairs. Speech errors (i.e. 
unintended deviations from the phonetic plan) which typically violate the well-
formedness of utterances, have formed an important means for studying speech 
planning processes (cf. Fromkin 1973,1980). Examples of speech errors are phoneme 
reversals, omissions, and perseverations, and word blends. In tum, knowledge about 
speech monitoring stems primarily from self-repairs (i.e. speakers' corrections of lin-
guistic errors or semantic revisions). Disfluencies are marked interruptions in the 
speech flow. Typical instances of disfluencies are repetitions of sounds and words, 
prolongations of sounds, and filled pauses. Disfluent episodes are common in normal 
speakers and very frequent in confirmed stutterers. It is often claimed that the latter 
group exhibits forms of disfluency (i.e. dysfluencies) which are not encountered in 
normal speakers. Such qualitative differentiation, however, is of no concern for the 
present study. 
What distinguishes the three speech phenomena? Disfluencies by nature take time, 
whereas errors do not obstruct the speech flow. Self-repairs, like disfluencies, interrupt 
and slow down the progression of an utterance. However, they also involve change or 
correction, whereas disfluencies do not (see also Postma and Kolk, 1990, for a 
discussion of the distinction between speech errors, disfluencies, and self-repairs). 
Recently, we have contended that disfluencies result from monitoring processes 
(Kolk, in press; Postma, Kolk, and Povel, 1990). According to our "covert repair 
hypothesis", disfluencies are by-products of covert self-repairs applied to internal 
speech errors. As argued by Levelt (1983, 1989), by using the internal loop speakers 
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can detect and correct errors prior to their actual articulation. It is reasoned that such 
covert repairing will often interfere with the ongoing speech, thus causing a disfluent 
speech event 
In Postma et al. (1990), we tested the covert repair hypothesis by examining effects 
of speaking accuracy on speech error, disfluency, and self-repair rates in normal 
speakers. In a condition in which these subjects were instructed that speech accuracy 
was very important, speech error rates were considerably reduced compared to a 
condition in which speaking accuracy could be ignored. Disfluency and self-repair rates 
were not significantly different in absolute numbers for the two accuracy conditions. In 
the condition which stressed speaking accuracy, however, they were higher in propor-
tion to the speech error rates. This was taken to support the covert repair hypothesis. It 
was argued that accuracy emphasis has two effects. First, subjects focused attention on 
speech programming. As a result, their speech plans contained fewer internal errors, 
and, consequently fewer overt speech errors occurred. At the same time, speakers more 
thoroughly monitored their speech output as well as their speech plans prior to 
articulation. Though there were fewer errors needing repair, the chance per error to 
initiate either a covert or an overt repair was higher. This then resulted in a relatively 
high disfluency rate, and in a larger percentage of speech errors followed by a self-
repair. A follow-up study obtained similar findings for a new group of normal speakers 
and for a group of stutterers (Postma and Kolk, in press). 
In the present investigation, normal speakers performed a speech task in two 
auditory feedback conditions, a normal speech and a noise masked condition, in 
combination with the accuracy manipulation employed in Postma et al. (1990). A first 
purpose of this study was to examine the influence of masking noise upon disfluency 
and self-repair frequencies. As noise partly or completely suppresses the auditory 
signal, it will inhibit the monitoring of the external loop, and thus reduce self-repair 
rates. If this were the only effect of noise, under the covert repair hypothesis one would 
not expect changes in disfluency rates, because disfluencies arise from internal loop 
monitoring. However, noise could also affect internal monitoring processes, specifi-
cally, by lowering monitoring scrutiny. It might be argued that, when speakers are 
denied perception of their speech output, they monitor less vigorously the remaining 
internal loop. In other words, if subjects could no longer hear themselves, they might 
not care as much about making errors. In that case, noise should reduce both self-repair 
and disfluency rates. Why would noise have such an effect? A proposal by Neilson and 
Neilson (1987) offers a possible explanation. These researchers argue that auditory 
feedback is monitored intermittently to update and adapt internal models of speech 
motor control. Speech production thus can proceed uninterrupted in the absence of 
auditory feedback. However, auditory feedback offers a reset facility, which comes in 
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handy as the circumstances in running speech are continuously changing. Extending 
this proposal, we have conjectured elsewhere (Postma, Kolk, and Povel, in press) that 
when a proper updating facility is lacking, speakers lower their criteria employed in 
monitoring. A second reason for relaxing internal monitoring could be that noise 
distracts speakers' attention from monitoring their own speech. This idea has been 
considered as one possible account for noise induced fluency enhancement in stutterers 
(see discussion by Bloodstein, 1987, pp. 316-318). 
In the foregoing, it was hypothesized that noise masking and accuracy emphasis 
would both affect the thoroughness of monitoring processes, though in opposite 
directions. In addition, by inhibiting auditory feedback, noise was expected to reduce 
the information available for enror detection. This reasoning suggests the possibility that 
the presumed changes in monitoring processes might be reflected not only in a 
quantitative way but also qualitatively in the self-repair corpus. For example, certain 
error types might be easier to detect and correct than others in a given experimental 
condition. Hence, a second purpose of the present study was to describe in detail the 
obtained self-repair patterns, as a function of the auditory feedback and accuracy 
manipulations. 
METHOD 
Subjects 
Thirty-two paid students, native speakers of Dutch, with no history of any speech or 
hearing defect, participated in the experiment. They included sixteen females and 
sixteen males ranging in age from 19 to 32 years, who were evenly divided between the 
two groups. 
Design and Procedure 
The general procedure and experimental tasks employed here were similar to the one 
described in Postma and Kolk (1990) and in Postma et al. (1990). Therefore, we will 
only provide a general outline here. The reader should consult these manuscripts for 
further details. 
In the experimental task a sentence was presented on the screen of a microcomputer 
with four horizontal bars beneath, whose length matched that of the sentence. When a 
subject decided he/she had memorized the sentence well enough, the subject pressed a 
key on the computer keyboard. This made the sentence disappear. At the same moment 
the bars disappeared gradually from left to right from the screen, at a constant rate, 
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starting with the one on top. Subjects were instructed to recite the sentence four times in 
succession in accordance with the deadline indicated by the disappearing bars. 
There were ten stimulus sentences, including five tongue twisters and five neutral 
sentences (see Postma and Kolk, 1990). All sentences were presented in two auditory 
feedback conditions: a normal speech condition, and a condition in which the auditory 
feedback was masked by white noise at 90 dB SPL level. Moreover, both auditory 
feedback conditions were performed under two degrees of time pressure, respectively 
50% and 30% faster than a subject's normal speech tempo, which was measured at the 
beginning of the experiment for each stimulus sentence. Since this manipulation was 
not of immediate relevance to the present study, results were pooled over the two 
degrees of time pressure. 
Thus, the experiment included four experimental blocks, one block for each 
combination of auditory feedback condition and time pressure. Order of auditory 
feedback conditions was counterbalanced over subjects. In addition, half of the subjects 
received instructions to execute the task while paying attention to both speech tempo 
and speech accuracy (higher-accuracy condition, HA). They were instructed to speak as 
accurately as possible, make no errors, and avoid slurring. The other subjects were told 
that they only had to provide an appropriate speech tempo and that speech accuracy was 
not important; errors simply could be ignored (lower-accuracy condition, LA). 
Each new experimental block started with some practice trials. During these trials the 
experimenter commented on the subjects' tempo, and on their accuracy, emphasizing 
that they should pay more attention to the quality of their speech, or, on the contrary, 
that they should ignore precision of output. 
To reinforce the experimental manipulations, feedback was printed on the screen 
after each trial. In the HA condition information was displayed about subject's tempo 
(too slow, in time, or too fast) and about their accuracy (inaccurate versus correct). In 
the LA condition, subjects only received tempo information. The feedback was 
administered by the experimenter. Furthermore, in the noise masking conditions, the 
intensity of the acoustic output was closely watched by the experimenter who indicated 
to subjects whenever they were speaking too loudly. As a reference, subjects' average 
loudness during the measurement of their normal speaking rates at the beginning of the 
experiment was used. Since the task already required a lot of the subjects with respect 
to speed and accuracy, no further, more advanged techniques to control for changes in 
manner of speaking associated with the Lombard effect (see p. 16) were employed, 
like, for example, presenting on-line feedback on voice level. 
Recorded speech samples were scored blindly and independently by two trained 
judges. The following events were counted as speech errors: word group omissions, 
word or phoneme (cluster) omissions, substitutions, additions, and transpositions. 
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Disfluencies included the categories: blocks (abrupt arrests of speech at the beginning 
of words or within words), sound prolongations, sound interjections, and phoneme 
(cluster), word, and word group repetitions. Self-repairs were all linguistic error 
repairs: exact corrections of incidents classified in one of the forementioned speech 
error categories. The inteijudge correlation for the summed speech error categories was 
0.97, and for the summed disfluency categories was 0.94 (in both cases ρ < 0.01). In 
addition, all sentences containing a self-repair were transcribed by the two judges. In 
case of discrepancy between the transcriptions of a self-repair, the tape recording was 
reviewed until agreement was reached. 
In sum, the experimental design included two within-subject factors: auditory 
feedback condition (normal speech versus noise masking), and stimulus type (tongue 
twisters versus neutral sentences); and one between-subjects factor: accuracy condition 
(HA, LA). 
Equipment 
The sentences were presented on the screen of an ATARI 1040ST microcomputer. 
By pressing the mouse button of the computer the experimenter could control the 
feedback appearing on the computer screen after each trial. The speech was recorded by 
a Sennheiser MD 421-N microphone on a REVOX A77 tape recorder. White noise was 
generated by a random white noise generator (A.Peekel, 20-20000 Hz, type 231 R). It 
was presented to the subjects by headphones (Sennheiser HD 222) at 90 dB SPL, 
measured at the earphones by a sound-level meter (Bruel-Kjaer 2203). 
RESULTS 
In the normal speech condition 28% of the trials were judged to be in time by the 
experimenter, 29% were so judged in the noise masked condition. Clearly, the overall 
time pressure was experienced as fairly high, and provided for a substantial amount of 
errors, disfluencies, and self-repairs, as shown in Table 1. 
-61-
TABLE 1 
Frequencies of the Various Types of Speech Errors, Disfluencies, and Self-Repairs for the 
Two Stimulus Types and Accuracy Conditions (HA, LA), and Auditory Feedback Conditions 
Normal speech condition 
Speech errors 
word omissions 
word group omissions 
word additions 
word substitutions 
word transpositions 
phoneme (cluster) transpositions 
phoneme (cluster) additions 
phoneme (cluster) substitutions 
phoneme (cluster) omissions 
HA condition 
Neutral 
sentences 
1 
2 
0 
2 
0 
0 
2 
31 
18 
Tongue 
twisters 
5 
16 
0 
9 
0 
6 
88 
143 
63 
LA condition 
Neutral 
sentences 
2 
5 
0 
11 
0 
0 
11 
40 
23 
Tongue 
twisters 
14 
34 
1 
18 
1 
10 
108 
206 
108 
total 56 330 92 500 
Pisfluencics 
phoneme (cluster) repetitions 
blocks 
prolongations 
sound inierjeciions 
word repetitions 
word group repetitions 
total 
Self-repairs 
9 
18 
2 
1 
0 
1 
31 
29 
28 
95 
11 
15 
0 
0 
149 
129 
8 
20 
1 
3 
0 
0 
32 
29 
continued 
28 
75 
16 
14 
1 
2 
136 
95 
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(Table 1 continued) 
Noise masking conditions 
Speech errors 
word omissions 
word group omissions 
word additions 
word substitutions 
word transpositions 
phoneme (cluster) transpositions 
phoneme (cluster) additions 
phoneme (cluster) substitutions 
phoneme (cluster) omissions 
HA condition 
Neutral 
sentences 
1 
2 
0 
6 
0 
0 
4 
22 
10 
Tongue 
twisters 
4 
6 
0 
10 
0 
12 
95 
145 
88 
LA condition 
Neutral 
sentences 
5 
4 
0 
10 
0 
0 
10 
38 
27 
Tongue 
twisters 
8 
17 
2 
14 
0 
11 
116 
217 
150 
total 45 360 94 535 
Disfluencies 
phoneme (cluster) repetitions 
blocks 
prolongations 
sound interjections 
word repetitions 
word group repetitions 
3 
8 
2 
0 
0 
0 
22 
57 
18 
8 
1 
2 
12 
12 
4 
1 
0 
0 
17 
50 
21 
6 
1 
1 
total 13 108 29 96 
Self-repairs 9 87 14 51 
A three-factor analysis of variance was carried out for the summed speech errors, 
disfluencies, and self-repairs separately. Auditory feedback condition yielded a 
significant main effect on disfluencies (F(l,30) = 11.2, ρ < 0.01) and self-repairs 
(F(l,30) = 35.27, ρ < 0.01), but not on speech errors. Both disfluencies and self-
repairs decreased with noise masking. Accuracy condition resulted in a main effect for 
the speech errors (F(l,30) = 7.83, ρ < 0.01). Considerably more errors occurred in the 
LA condition than in the HA condition. Disfluencies and self-repairs did not differ 
significantly for the two accuracy conditions. 
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The stimulus type factor was included to provide information regarding the 
generality of experimental manipulations over sentences. Stimulus type yielded 
significant effects on the speech errors (F(l,30) = 167.31, ρ < 0.01), the disfluencies 
(F(l,30) = 92.01, ρ < 0.01), and the self-repairs (F(l,30) = 57.49, ρ < 0.01). Tongue 
twisters elicited far more incidents than neutral sentences. The accuracy condition by 
stimulus type interaction was significant for speech errors (F(l,30) = 5.45, ρ < 0.05). 
The absolute increase in error rate in the LA condition was strongest in the tongue 
twisters. Similarly, the auditory feedback condition by stimulus type interaction was 
significant for disfluencies (F(l,30) = 5.66, ρ < 0.05), and for self-repairs (F(l,30) = 
5.21, ρ < 0.05). Absolute differences in disfluency and self-repair rates between the 
normal speech and the noise masked condition were largest in the tongue twisters. No 
significant second order interactions between accuracy condition, auditory feedback 
condition, and stimulus type were obtained1 . 
TABLE2 
Repair percentages of the various error types over accuracy conditions, (HA, LA) and 
auditory feedback conditions (normal speech, noise masking) Within brackets the 
absolute numbers of errors repaired are given Word transpositions and additions, and 
phoneme (cluster) transpositions are not included, as they were never repaired 
% errors repaired 
% phoneme (cluster) 
substitutions repaired 
% phoneme (cluster) 
omissions repaired 
% phoneme (cluster) 
addmons repaired 
% word omissions and 
substitutions repaired 
Normal speech condition 
HA condmon 
40.9% (158) 
67.2% (117) 
23.5% (19) 
20 0% (18) 
23.5% (4) 
LA condition 
20.9% (124) 
44.7% (110) 
4.6% (6) 
3.4% (4) 
8.9% (4) 
Noise masking condmon 
HA condition 
23.7% (96) 
47 3% (79) 
4.1% (4) 
8.1% (8) 
23.8% (5) 
LA condition 
10.3% (65) 
24.7% (63) 
-
0.8% (1) 
2.7% (1) 
1
 One of the reviewers, dr. Ben Watson, suggested that our neutral sentences and tongue twisters may 
not have been really comparable, the latter forming a rather unnatural speech task. Analyses of variance 
for the neutral sentences alone revealed only one significant effect a main effect of auditory feedback 
condition on self-repairs (F(l,30) = 11 68, ρ < 0.01), similar to the pattern observed in tongue 
twisters. The auditory feedback effect on disfluencies was also in the same direction as observed in the 
tongue twisters, but failed to reach significance (F(l,30) = 3.59, ρ = 0.068). Likewise, the accuracy 
condition effect on the speech errors was not significant either (F(l,30) = 3.36, ρ = 0 077). The fact 
that incident rates in the neutral sentences were rather small might have been a reason for the 
disappearance of the latter two effects. 
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Table 2 presents the repair percentages over the experimental conditions and for 
various error types. The tendency for self-repair was stronger in the HA condition (chi-
square = 76.372,1 degree of freedom, ρ < 0.01) compared to the LA condition, and in 
the normal speech condition (X2 = 50.729, df = 1, ρ < 0.01) compared to the noise 
masked condition. Were differences in repair rates restricted to certain error types, 
whereas other error types were corrected in the same degree for the various conditions? 
The answer seems to be no. We see that phoneme (cluster) substitutions elicited more 
self-repairs in the HA than in the LA condition (X2 = 42.471, ρ < 0.01), and in the 
normal speech compared to the masking condition (X2 = 34.754, ρ < 0.01). The same 
was true for the phoneme (cluster) omissions (X2 = 22.115, ρ < 0.01; Χ2 = 21.037, ρ 
< 0.01), and for the phoneme (cluster) additions (X2 = 20.349, ρ < 0.01; Χ2 = 6.009, 
ρ < 0.01). Lexical errors (word omissions and substitutions) were also more often 
repaired in the HA compared to the LA condition (X2 = 6.18, ρ < 0.01). The auditory 
feedback factor, however, yielded no significant effects upon the repair rates of lexical 
errors. So, in general, all error types yielded higher repair rates with accuracy 
emphasis, and, except for the lexical errors, also with normal hearing of self-produced 
speech. It should be acknowledged, though, that repairs of errors other than phoneme 
(cluster) substitutions were few in number. Substitution repairs amounted to 83% of 
the self-repairs, though the number of substitution errors was smaller than the other 
errors summed together. A comparison of the three most frequent error types, i.e. 
phoneme (cluster) substitutions, omissions, and additions, showed that substitutions 
yielded a significantly larger repair rate than both omissions (X2 = 209.615, ρ < 0.01) 
and additions (X2 = 179.842, ρ < 0.01). Repair rates of the latter two error types did 
not differ significantly. 
In the above section, we presented self-repair patterns with respect to error type. 
Levelt (1983) sums up a number of other features which characterize self-repairs; (for 
example, the span of retracing, the inclusion of editing terms in the repair, and the 
moment of interruption). In the present experiment, the only feature which yielded 
enough variation was the moment of interruption: How long is an utterance continued 
after an error before it is intemipted for self-repair? We measured this by the number of 
phonemes which separated the error onset (first phoneme which signalled that the 
utterance was wrong in some respect) from the start of the self-repair. We left lexical 
error repairs out of consideration here. In a lexical error, a complete word slips. The 
length of that word by itself already creates a delay in the moment of interruption. For 
the remaining repairs the average distance between error onset and self-repair was quite 
small: 1.3 phonemes. There were 70 (43%) immediate repairs (no intervening 
phonemes) in the noise masked condition, and 86 (30%) in the normal speech 
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condition. A chi-square test revealed that the percentage of immediate repairs was 
significantly higher in the noise masked condition (X2 = 7.533, ρ < 0.01). Moreover, 
the moment of interruption differed for the various error types. Of the substitution 
errors 41% (151) were immediate repairs; of the omission repairs 14% (4); and of the 
addition repairs 3% (1). These percentages were significantly different for the 
substitution and omission repairs (X2 = 24.937, ρ < 0.01), and for the substitution and 
addition repairs (X2 = 14.355, ρ < 0.01). 
DISCUSSION 
The results of the present study are discussed with respect to three major issues: (1) 
the covert repair hypothesis of disfluency; (2) the reality of internal monitoring 
processes, a crucial element of the former hypothesis; and (3) differences between the 
various error types in how well they are monitored, i.e. in probability of detection and 
correction. 
The covert repair hypothesis of disfluency (Kolk, in press; Postma et al., 1990) 
explains disfluencies as by-products of covert self-repairs applied to internal speech 
errors. Speech fluency then mirrors the speech monitoring function. Fluency will suffer 
the more speakers monitor the correctness of their speech flow. This hypothesis was 
tested by comparing speech error, disfluency, and self-repair rates in two auditory feed­
back and two accuracy conditions. The former manipulation was of prime interest here. 
In support of the covert repair hypothesis, it was found that both self-repairs and 
disfluencies decreased under noise masking. Еітог rates were not significantly affected 
by noise. In the introduction, we argued that noise induced fluency enhancement could 
stem from a general reduction of monitoring scrutiny. Speakers might pay less attention 
to the internal loop, and/or relax criteria employed in internal monitoring, when they no 
longer can hear themselves. We already mentioned two reasons why this could be the 
case. First, in line with Neilson and Neilson (1987), auditory feedback may be needed 
to maintain a high standard of speech monitoring. Second, noise might distract attention 
from the monitoring process. With respect to the accuracy manipulation, the findings 
reported in Postma et al. (1990) were generally replicated: accuracy emphasis lowered 
speech error numbers considerably; disfluency and self-repair rates remained about the 
same in absolute numbers, but did increase relative to speech error rate. This further 
strengthens the covert repair hypothesis of disfluency. 
A major alternative to the above explanation of reduced disfluency under auditory 
masking relates to the Lombard reflex (Lane and Tranci, 1971). In order to overcome a 
noise-induced hearing loss, speakers tend to raise their voice level, accompanied by a 
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higher fundamental frequency, and a general slowing of articulation. These changes in 
manner of articulation and phonation have been claimed to be the mechanism by which 
noise ameliorates fluency in stutterers (Wingate, 1970). Whereas the importance of 
increased fundamental frequency and loudness can be doubted (cf. Brayton and 
Conture, 1978; Garber and Martin 1977), slowed speaking rate certainly does affect 
fluency, at least in stutterers (Adams, Lewis, and Besozzi, 1973; Andrews, Howie, 
Dozsa, and Guitar, 1982; Perkins, Bell, Johnson, and Stocks, 1979). Apart from a 
general perceptual judgement by the experimenter that subjects produced as many trials 
within the deadline under noise as with normal hearing, we did not collect data on 
speech rates. Therefore, it can not be ruled out that the current reduction of disfluency 
in normal speakers under noise was in fact due to a lower speech tempo. However, 
decreases in speech tempo have been found also to diminish speech error rates substan-
tially (Dell 1986; MacKay 1971; Postma et al., 1990). Hence, noise should have 
reduced not only speech rate but error frequencies as well. On the contrary, in the 
present study noise caused a slight increase in speech error rates (at least for the tongue 
twisters). 
One should recall that our speech eiror measures concerned phonemic or larger 
linguistic deviations. It is in line with previous findings that the two auditory feedback 
conditions did not differ significantly in the number of these deviations. Hardcastle 
(1975) concluded that phonemic integrity (intelligibility) of speech sounds remained 
intact under auditory masking. Moreover, Ringel and Steer (1963) found no significant 
noise effect on articulation error rates. Of course, it is possible that at a subphonemic 
level the production of sounds did suffer from noise masking. For example, segment 
durations and vowel formants may have been affected by the lack of auditory control 
(cf. Hardcastle, 1975). We did not measure these aspects of the speech output. 
A second issue upon which the results of this study have a bearing are the hypothe-
sized internal monitoring processes. A substantial number of self-repairs occurred 
under noise masking. Although it is unlikely that auditory feedback was completely 
inhibited - in particular, bone conducted feedback may have persisted (cf. Hardcastle, 
1975) - it seems reasonable to assume that self-repairing under noise resulted, to a 
considerable extent, from internal monitoring1. The magnitude of the self-repair rates 
under noise then underscores the reality of an internal loop which can be used in error 
1
 It should be remembered thai in this study we follow Levelt's view (1983,1989) that speakers 
employ two modes of speech monitoring: prearUculatory inspection of the phonetic or aiticulatory 
plan, or postaruculatory scanning of the auditory feedback. Alternatively, as mentioned in the 
introduction, it is possible that the feedback deriving from actual motor execution, i.e. efferent, 
propnocepuve, and tactile feedback, does play an important role m speech error detection. In the noise 
masked condiuon then, in addition to internal monitoring, execution monitoring may have occurred and 
may thus have been responsible for some of the observed self-repairs. 
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detection, as assumed by Levelt (1983, 1989). This conclusion has particular impor-
tance for the covert repair hypothesis, as its account of disfluencies focuses upon the 
possibility of internal, prearticulatory error detection and correction. Findings by Dell 
(1980) and Lackner and Tuller (1979) further corroborate this conclusion. Dell showed 
that subjects were able to report errors from their inner (subvocal) speech. Subjects in 
Lackner and Tuller's study signalled a reasonable number of their own errors in a noise 
masked speech task by pressing a button. 
The foregoing argument for the reality of an internal loop was somewhat weakened 
by the possibility of some partial persistence of auditory feedback under noise. 
Stronger evidence for the internal loop follows from the detailed description of self-
repair patterns with respect to the moment of interruption. We divided the repairs of 
sound errors into two types: immediate repairs (i.e., no intervening phonemes between 
error onset and start of the self-repair), and delayed repairs, with one or more inter-
vening phonemes. It takes an interval on the order of 100 to 200 msec, for a speech 
sound to reach the speaker's auditory system (cf. Kent and Moll, 1975). In concate-
nated speech the speaker will usually have produced one or more subsequent sounds 
during that time. Hence, if a speaker stops immediately after an erroneous phoneme, he 
must have known beforehand that the particular phoneme was incorrect. Immediate 
repairs then necessarily derive from internal monitoring processes1 . On the other hand, 
delayed repairs may be initiated by both internal and external, auditory, error detection. 
We found 156 cases (35%) in which an erroneous phoneme was repaired immediately 
after its pronunciation, 86 of which occurred in the normal speech condition. As such, 
the internal loop seems to have been used rather frequently, even when the external 
loop was present. 
As to the ratio of immediate to delayed repairs, we observed that the percentage 
delayed repairs was significantly larger in the normal speech condition than in the noise 
masking condition. This result is not surprising. If delayed repairs reflect to some 
extent the usage of the auditory loop for error detection, naturally, fewer delayed 
repairs occur when the auditory loop is suppressed, as in the noise masked condition. 
Lackner and Tuller (1979) made a similar observation. Their subjects pressed a button 
on the average faster when making an error under noise than with normal hearing. 
A third issue of interest concerns differences in how well various error types are 
monitored. Comparing the three error types, phoneme (cluster) substitutions, 
1
 As shown by Warren and Márlsen-Wilson (1987,1988) listeners can use acoustic cues in preceding 
segments to make fairly good guesses about certain features of phonetic segments, which are yet to 
come. Similarly, speakers could actually hear in their ongoing speech that they are about to utter a 
wrong sound. This would weaken our argument about immediate repairs being hard proofs of internal 
error detection. However, it remains disputable whether speakers can really use such subtle acoustic 
information to monitor their own speech. In any case, these cues are strongly of not completely 
diminished under noise. 
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omissions, and additions, the phoneme (cluster) substitutions were corrected far more 
often. In each experimental condition the number of phoneme (cluster) substitutions 
was about as large as the number of the latter two error types together, substitution 
repairs amounted to 83% of the total self-repair corpus. Subjects may have considered 
substitution errors more disruptive, and, therefore, were more inclined to correct them. 
Alternatively, substitution errors could have been easier to detect. Two possibilities are 
open here. Either the incongruity between intended and articulated syllable is, in some 
linguistic sense, larger than in phoneme omissions or additions; or substitutions could 
have occupied a more prominent, closely monitored syllabic locus like the initial 
position. Further, the distribution of immediate and delayed repairs varied for the three 
sound error types. Substitution errors elicited relatively more immediate self-repairs 
than phoneme omissions and additions. This suggests that detection of the latter type of 
errors may have depended to a higher degree on inspection of the auditory signal. 
Though only phonemic substitutions were repaired in substantial numbers, all error 
types (i.e., phonemic substitutions, additions and omissions, and lexical errors) were 
corrected to a larger extent in the higher-accuracy condition as compared to the lower-
accuracy condition. This was also the case for the normal speech condition as compared 
to the noise masked condition, except for the repair rate of lexical errors - word 
substitutions and omissions - which was about the same across the two auditory 
feedback conditions. Generally, these results indicate that accuracy emphasis made 
subjects focus more on each type of error. Likewise, subjects could detect sound errors 
better in the normal hearing condition. 
In sum, this study has further strengthened the covert repair hypothesis of 
disfluency, which explains pertubations in the continuity of speech flow as side-effects 
of covert self-repairing of internal speech errors. First, it has reinforced our earlier 
observations (Postma and Kolk, 1990; Postma et al., 1990) that emphasis on speech 
accuracy causes lower speech error rates whereas disfluency and self-repair rates are 
unaffected, and therefore proportionally increased. Second, it showed that noise 
masking reduced disfluency and self-repair rates, but did not affect speech error 
numbers. Apparently, not only the information available for error monitoring, but also 
the scrutiny of monitoring per se diminishes when the end product of one's speech 
activities, the auditory signal, is no longer well perceivable. Third, a qualitative analysis 
of self-repair patterns provided evidence for the reality of internal monitoring 
processes, by showing that a fair amount of phonemic errors were corrected 
immediately after their intrusion. 
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ERROR MONITORING IN STUTTERERS: EVIDENCE AGAINST 
AUDITORY FEEDBACK DEFECT THEORIES1.2 
Albert Postma and Herman Kolk 
Several theories purport that stutterers suffer a speech-auditory feedback defect The 
disordered feedback creates the illusion that some kind of error has intruded the speech 
flow. Stuttering then results from actions aimed to correct the suspected, but nonexistent 
error. These auditory feedback defect theories thus predict deviant error detection 
performance of stutterers during speech production. To test this prediction, stutterers and 
normal speakers had to detect self-produced (phonemic) speech errors, while speaking 
with normal auditory feedback and with the auditory feedback masked by white noise. 
The two groups did not differ significantly in error detection accuracy and speed, nor in 
false alarm scores. This opposes auditory feedback defect theories, and suggests that 
stutterers' self-monitoring processes function normally. In a condition, in which errors 
had to be intercepted in other-produced speech, i.e. while listening to a tape recording, 
stutterers did detect fewer errors. It is discussed whether this might signal some general 
phonological problem. 
INTRODUCTION 
Lee (1950) and Cherry and Sayers' (1956) observed that stutterers' fluency 
improved under conditions of altered auditory perception of self-produced speech, like 
delaying the auditory signal and white noise masking. Following these observations, 
many theories have been formulated which attribute stuttering to aberrant auditory 
feedback during speech production (Fairbanks, 1954; My sak, 1960; Webster and 
Lubker, 1968). The defect may have two possible forms: either it derives from a central 
auditory processing disorder, and thus can also be demonstrated in certain auditory 
comprehension tasks (cf. Hageman and Greene, 1989); or it is restricted to the speech-
auditory feedback, and then would only be found during actual speech production. In 
both cases, either the disturbed speech-auditory signals per se cause stuttering, or they 
1
 The authors wish to thank Iman Slis for his help in the stimulus preparation. 
2
 Submitted 
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may be in conflict with other feedback sources, e.g. tactile or proprioceptive feedback, 
and thus deteriorate speech fluency (cf. Lane and Tranci, 1971; Van Riper, 1982, pp. 
385-387). 
How is the feedback disorder supposed to lead to stuttering? A common theme in the 
theories mentioned above seems to be that the disturbed auditory feedback represents 
some error signal to the stutterer. Stuttering then reflects the attempts to overcome the 
suspected, but in reality nonexisting error1 (cf. Bloodstein, 1981, p. 279). Maraist and 
Hutton (1957) put it in the following way: in stuttering a person "misevaluates his own 
speech output at some point in the control system and finds errors where, in reality, no 
error exists". 
In Levelt's recent speech production model (Levelt, 1989) inspection of the auditory 
feedback is performed by the speech monitor. Monitoring is the process by which 
speakers attend the speech flow to make sure that everything runs according to their 
communicative goals and to general linguistic standards (cf. Levelt, 1983, 1989). 
Several aspects of speech production are thought to be scrutinized: tempo, loudness, 
intonation, and, of course, phonetic structure and semantic content of an utterance. The 
working of the speech monitor is primarily reflected by the phenomenon of self-
repairing: speakers may backtrack in an utterance to correct a (speech) error, i.e. to 
adjust and replace parts which were not as intended or which violated certain linguistic 
rules. In addition to auditory monitoring, other types of information may also be 
monitored, like proprioceptive and tactile feedback (cf. Borden, 1979; Lackner and 
Tuller, 1979), and the speech program prior to articulation (Levelt, 1983,1989). 
Auditory feedback defect theories of stuttering base their claims on two major lines 
of evidence. First, changing, diminishing, or completely eliminating the auditory 
feedback during speech production generally ameliorates stutterers' fluency (Cherry 
and Sayers, 1956; Lee, 1950; Wingate, 1970; Yairi, 1976). Second, stutterers perform 
poor on certain auditory comprehension tasks, like responding to binaurally presented 
competing instructions (Hageman and Green, 1989), or sound localization (Asp, 
1965). However, stutterers' speech-auditory monitoring skills have not been 
investigated directly. In order to further test the auditory feedback disorder theories, the 
purpose of the current study was to conduct such an investigation. We hereto adapted a 
technique developed by Lackner and Tuller (1979). Stutterers and normal speakers had 
1
 Similar reasonings are presented by Harrington (1988), and Sheirard (1975), but without postulating 
an explicit auditory feedback perturbation. Harrington suggests that it is a stutterer's expectancy about 
the auditory feedback, specifically its time of arrival, which is incorrect and leads to compensatory 
stalling behaviors, like repetitions and prolongations. Sherrard hypothesizes that stuttering is in fact a 
false alarm response. Stutterers are under the false impression that they have made a phonemic error, 
and thus install a superfluous "correction": that is, they simply repeat the phoneme in question. Under 
this view, stutterers are supposed to employ completely deviant criteria for monitoring, or, conform 
suggestions by Martin (1970), may have adopted excessively conservative criteria with respect ю 
speech intelligibility. 
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to recite strings of nonsense syllables during some time in a high tempo in two 
speaking conditions: either with normal hearing of one's own speech, or under white 
noise masking. As the syllables in a string were rather similar, phonemic errors were 
likely to occur. Subjects had to watch their own performance closely and had to press a 
button as fast as possible when making such an error. Moreover, subjects also 
performed a speech perception task, in which they listened to a tape recording of similar 
recitations of syllable strings. At unpredictable places errors were inserted, to which 
they again should react instantly. 
Auditory feedback defect theories seem to imply deviant error monitoring of 
stutterers in speech production: stutterers would detect errors less often than normal 
speakers, and/or would more frequently consider a speech segment to be aberrant, 
whereas it was completely correct. Hence, in the present study one would expect 
stutterers to perform poor in the normal speech condition. In addition, if the feedback 
disorder derives from a general auditory perception problem, they should be inferior in 
the perception task too. For the noise masked condition, it might be argued that most of 
the important cues for auditory monitoring were missing (cf. Postma and Kolk, in 
press-b; Yairi, 1976), even with only partial inhibition of the auditory feedback. 
Consequently, one would predict no monitoring performance differences between 
stutterers and normal speakers under noise. 
METHOD 
Design and Procedure 
Eighteen confirmed stutterers and eighteen normal speakers (subjects are described 
in detail in Postma and Kolk, 1991) participated in the experiment, which included two 
speech production conditions, a normal speech and a noise masked condition, and one 
speech perception condition. 
Two types of stimuli were used: strings of four CV syllables, and strings of four VC 
syllables. In the CV strings the consonants were /p b t d/, in the VC strings they were 
/s f t p/. Within a stimulus the vowel always remained constant. The consonants of the 
CV and VC strings were in different orderings combined with four different vowels, 
making a total of eight CV and eight VC stimuli (see Appendix). All three experimental 
conditions started with the same five practice trials, two CV and three VC stimuli which 
were not part of the experimental stimulus set 
The experiment occupied two sessions of about an hour, the two sessions separated 
by at least a week. The first session started with a short manual reaction time task 
which was included to examine general manual performance. This task, reported 
elsewhere (Postma and Kolk, 1991), revealed no significant differences between 
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stutterers and normal speakers. Next, the subjects either performed the normal speech 
or the noise masked condition. The remaining two conditions were conducted the 
second session, the perception task always last. These arrangements of experimental 
conditions were chosen as it would have been too tiresome for subjects to perform both 
speech production conditions in the same session. 
Nine nonstutterers started with the normal speech condition, and received the noise 
masked condition the second session. The other nine nonstutterers received the 
reversed order of conditions. Due to technical problems the order in which the two 
speech production conditions were given was not completely balanced for the 
stutterers. Ten stutterers first performed the normal speech condition and next the noise 
masked condition, whereas eight stutterers did it the other way around. 
The procedure in the normal speech condition and the noise masked condition was 
as follows. Each stimulus was presented on the screen of a microcomputer. Having 
studied the stimulus, subjects pressed a button connected to the computer and thus 
made the stimulus disappear. They now had to recite the stimulus two times from 
memory. By pressing the button a second time, the stimulus reappeared and subjects 
could verify whether they had pronounced the stimulus correctly. This procedure was 
repeated a second time. When the stimulus had reappeared again, subjects read the 
stimulus aloud one more time. In effect, subjects were forced to memorize the stimuli 
quite well. 
Next, when pressing the button a third time, the stimulus disappeared from the 
screen, accompanied by a short warning sound, and did not return. Subjects started 
reciting the stimulus from this moment on and were told to do this in high tempo. 
Moreover, they were instructed to give each syllable equal stress and to not connect the 
individual syllables. Subjects' speech rate was paced visually: an asterisk ("*") was 
displayed each second in the midst of the screen for 400 ms. The complete syllable 
string should be uttered once a second. This rate was for most subjects most of the time 
too high. The visual pace maker, however, was quite effective in placing subjects under 
considerable time pressure. Subjects thus aimed to recite the stimuli as fast as possible. 
This was important to ensure a substantial error rate. 
Subjects were extensively instructed to watch their speech closely, to keep always a 
fìnger on the button, and to press it as fast as possible each time they noticed making an 
error. We tried to describe the concept "error" as clearly as possible to the subjects. As 
errors we regarded misorderings of the syllables within a string or the usage of 
incorrect sounds within syllables. Stuttering and hesitations should not be considered 
as an error. Neither were syllables which were spoken somewhat sloppily. Subjects 
were told that they need not finish the complete syllable string after making an error. It 
was all right to stop and start anew from the first syllable of the string. All speech was 
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recorded on one channel of a tape recorder. Pressing the button placed a short signal 
tone on the second channel. 
After thirty seconds, the trial ended, marked by a short tone. Subjects now had to 
say the stimulus one final time, slowly and while making sure that they produced the 
syllables in correct order. If a stimulus was not reproduced correctly, it was performed 
a second time, later in the experimental condition. However, never more than two 
stimuli were repeated in this way, and always for one additional try only. The rationale 
was to ensure that there were enough trials per subject for each stimulus type, while at 
the same time the duration of the experimental condition did not become overly long for 
certain subjects. 
The sixteen stimuli appeared in random order; on odd trial numbers always a CV 
stimulus was presented and on even trial numbers a VC stimulus. This interchanging of 
CV and VC stimuli was done to minimize interference from preceding trials on the 
current trial. 
In the noise masked condition subjects were warned to keep their voices down. 
They should not try to exceed the noise. Most subjects reported afterwards that the 
noise had been quite effective in suppressing the hearing of their own speech. 
In the perception condition, subjects listened to a tape recording of a well-trained 
speaker, who recited the same 16 strings of CV and VC syllables as used in the normal 
speech and the noise masked condition, at a reasonably high tempo. He pronounced the 
syllables as much as possible with even stress, and inserted the errors as naturally as 
possible. Each production of the syllable string contained no more than one error. 
Reversal errors always concerned two adjacent syllables. To avoid ambiguities, the 
erroneous segment was always made clearly distinguishable from the target segment. 
Each stimulus in the perception condition was first memorized by the subjects in the 
same fashion as in the two speech production conditions. Subjects could self pace the 
replaying of the perception tape by pressing the button attached to the computer. 
Beginning and end of a trial was marked by a short tone. Again, subjects were 
instructed to keep a finger at the button and press as quickly as possible upon hearing 
an error (see also equipment section). At the end of a trial subjects had to recite the 
stimulus one time slowly aloud. Deviations of the intended syllable string were 
transcribed by the experimenter. These trials were omitted from the data. 
Equipment 
Subjects' speech was recorded by a Sennheiser MD 421-N microphone on one 
channel of a Revox A77 tape recorder. White noise was generated by a random white 
noise generator (A.Peekel, 20-20000 Hz, type 231 R). It was presented to the subjects 
by headphones (Sennheiser HD 222) at a level of 100 dB SPL, measured at the 
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earphones by a sound-level meter (Bruel-Kjaer 2203). Presentation of the stimuli and 
visual pacing signals was controlled by an ATARI 1040ST mcirocomputer. The tape 
recording in the perception condition was replayed to the subjects by the headphones 
and tape recorder described above. The beginning of each trial was marked by a 
synchronization pulse on the second channel of the recording. This pulse, inaudible to 
the subject, was sent to the microcomputer, on which it started a timer. Time of button 
pressing could thus be registered by the microcomputer, with an accuracy of 1 msec. 
Of each error the time of occurrence with respect to the synchronization pulse had 
previously been determined. 
Data scoring. 
The procedure for data scoring in the speech production conditions was as follows. 
The recorded speech was digitized, and analysed by visual inspection of the soundwave 
forms combined with simultaneous, auditory replaying. Only trials which had been 
correctly reproduced after the thirty seconds were included in the data. The speech was 
transcribed on special transcription forms. 
Subjects' speech in this experiment typically consisted of a relatively rapid stream of 
highly similar syllables. With help of intonation and pausing patterns, it was tried to 
divide the speech as much as possible in separate sequences: complete or unfinished 
recitations of the stimulus. The concept "sequence" was a very important tool in 
identifying errors. Often subjects produced one or two syllables of the stimulus, made 
an error, halted without finishing the string, and continued with a next production of 
the stimulus. By arranging the speech in separate sequences a reference frame was 
created in which errors, disfluencies, and repairs were scored. It is obvious that which 
errors one identifies and how many, depends very much on the reference frame used. 
With respect to error counts, occasionally, more than one syllable slipped in a 
sequence. If this could not be retraced to a reversal of two syllables, it was scored as 
one, so called, multi-syllabic error. As a consequence, never more than one error per 
sequence was counted. 
When a subject had pressed the button at some place, it was examined in a range 
from the beginning of the sequence preceding the sequence in which the button press 
fell until the button press, whether an error had occurred in the subject's speech. This 
range was chosen as pilot work indicated that subjects sometimes only realized they had 
erred when producing the sequence after the erroneous one. 
The first erroneous syllable which fell within the range described above was marked 
in the digitized speech files. Time between error onset (beginning of erroneous 
phoneme) and button press formed a measure of error detection speed. If no error had 
occurred in that range, the button press was taken as a false alarm reaction. 
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RESULTS 
Data for the speech production and speech perception conditions are discussed 
separately. This is done as we considered the latter condition, which concerned 
monitoring of other-produced speech, to be uncomparable in a number of ways to the 
other two conditions, which assessed self-monitoring1. 
The noise masked and normal speech condition 
As pointed out in the data scoring section, subjects could differ in the numbers of 
trials analysed, depending on how accurately they reproduced the stimuli at the end of a 
trial. In general, fewer trials were used for stutterers and VC stimuli. In Table 1, the 
number of trials, correctly reproduced the first try, are shown. It can be seen that this 
number was lower, though not significantly, for the stutterers than for the 
nonstutterers. It was also lower with VC stimuli than with CV stimuli (F(l,34)=15.19, 
ρ < 0.01). Moreover, stutterers' speech rate was less fast than that of normal speakers 
(F(l,34)=9.75, ρ < 0.01), and VC stimuli were pronounced slower than CV stimuli 
(F(l,34) = 77.77, ρ < 0.01) Finally, Table 1 reveals that the percentage errors per 
sequence was significantly higher in the VC stimuli than in the CV stimuli 
(F(l,34)=5.36, ρ < 0.05). Apparently, VC stimuli were harder to remember as well as 
to produce in rapid succession. No significant group and speech condition effects were 
found for the error percentages. 
' Three further arguments for not directly companng the speech production and Ihe perception 
condiuons are worth noucing. First, the speech production conditions formed a double task situation; 
the perception condmon a single task Second, the errors inserted in the perception condition may have 
been clearer, and thus better delectable. Third, all subjects performed the perception condition last 
Hence, they had received more practice with the general expérimental procedure. The overall data 
patterns suggest that detection acuracy and speed were higher in the perception condition than m the 
speech production condition. The three factors menuoned above may have caused these differences. 
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TABLE 1 
Number of trials correctly reproduced the first time, total number cf sequences scored and 
of syllables counted, error rates (percentage errors per sequence), and the average 
speaking rates (number of syllables per second; mean and sd), across groups, speech 
conditions, and stimulus types. 
Condition: 
trials reprod. 
correctly the 
first time 
total sequences 
Total syllabic 
output 
percentage errors 
per sequence 
average speech 
rate 
Stimulus type: 
CV 
VC 
CV 
VC 
CV 
VC 
! CV 
VC 
CV 
VC 
Normal Sueakcrs 
Normal 
Speech 
137 
110 
3347 
2402 
13131 
9127 
9.4% 
14.7% 
3.20 ± .57 
2.53 ± .47 
Noise 
Masked 
135 
122 
3048 
2608 
13032 
9948 
6.8% 
12.4% 
3.20 ± .65 
2.55 ± .67 
Stime 
Normal 
Speech 
118 
108 
2535 
1811 
9768 
6702 
12.6% 
16.8% 
2.57 ± .77 
1.89 ± .63 
rers 
Noise 
Masked 
125 
112 
2743 
1874 
10747 
7006 
9.5% 
15.7% 
2.70 ± .73 
1.94 ± .70 
An analysis of variance was conducted upon the error detection percentages, pooled 
within subjects, shown in Table 2. Only one significant effect was obtained: a main 
effect of the factor stimulus type (F(l,34) = 24.69, ρ < 0.01). Errors were beter 
detected in VC stimuli than in CV stimuli. 
Table 2 also shows detection rates per type of error. As the incident rates for the 
individual error types were very low, even equal to zero, for many subjects, no 
analysis of variance was conducted. Chi-square tests for overall detection percentages 
revealed several significant group and speech condition differences, but did not 
establish a clear pattern. Hence, they are not discussed here1 . 
1
 An exception might be made for slips of Ihe voicing feature. For the two groups together a 
significantly lower percentage voicing errors was intercepted in the noise masked than in the normal 
speech condition (chi-square = 8.977, ρ < 0.01; degrees of freedom 1). For similar results Lackner and 
Tuller (1979), and Levelt (1989, p. 472) argue that the voicing feature depends strongly upon auditory 
inspection. Hence, the means for compensating the absence of the auditory loop by monitoring of other 
information sources may be limited for the voicing feature. Since under noise the auditory signal is 
reduced, it is no surprise that in particularly voicing errors were detected less well. Moreover, it was 
found that stutterers intercepted voicing errors less often than normal speakers in the normal speech (X2 
= 10.647, ρ < 0.01) and the perception condition (as indicated by a separate analysis of variance for the 
voicing errors only: F(134) = 6.23, ρ < 0.05), but not in the noise masked condition. 
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TABLE 2 
Incident and detection rates over groups and speech conditions, f or all errors together and 
over individual error types. The overall detection rates were computed after pooling 
within subjects; the detection rates for the individual error types were computed from the 
group totals. In parentheses the number cf detected errors is given. 
Condition: 
CY stimuli; 
all errors 
together 
voicing errors 
place of artic. 
errors 
place + voicing 
errors 
multi-syllabic 
апжн 
mixed errors 
YC stimuli; 
all errors 
together 
place of artic. 
errors 
manner of artic. 
errors 
place + manner 
errors 
multi-syllabic 
emxs 
mixed eirors 
Normal Speakers 
Normal Noise 
Speech Masked 
290 (152) 
52% 
147 (77) 
52% 
108 (60) 
56% 
4 (2) 
50% 
10 (5) 
50% 
21 (8) 
38% 
326 (201) 
62% 
55 (43) 
78% 
53 (35) 
66% 
160 (86) 
54% 
33 (22) 
67% 
25 (15) 
60% 
165 (83) 
50% 
69 (27) 
39% 
68 (44) 
65% 
8 (3) 
38% 
12 (7) 
58% 
8 (2) 
25% 
266 (196) 
74% 
58 (45) 
78% 
47 (35) 
75% 
105 (78) 
74% 
29 (21) 
72% 
27 (17) 
63% 
Smusse 
Normal 
Speech 
343 (159) 
46% 
204(79) 
39% 
94 (52) 
55% 
7 (6) 
86% 
16 (8) 
50% 
22 (14) 
65% 
238 (174) 
73% 
51 (39) 
77% 
30 (23) 
77% 
85 (64) 
75% 
35 (24) 
69% 
37 (24) 
65% 
ί 
Noise 
Maskfd 
295 (111) 
38% 
195 (58) 
30% 
51 (30) 
59% 
4 (2) 
50% 
24 (8) 
33% 
21 (13) 
57% 
232 (145) 
63% 
76 (44) 
58% 
32 (20) 
73% 
73 (50) 
69% 
30 (19) 
63% 
21 (12) 
57% 
Note. Error type classification is based on the difference between intruding, erronous phoneme and 
intended phoneme in phonetic features. Multi-syllabic errors: more than one erroneous syllable in a 
sequence. Mixed errors: distortions of vowels, additions of consonants, omissions of phonemes, 
reversals of vowel-consonant order within a syllable, substitutions of consonants by consonants which 
were not included in the stimulus. 
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How fast were errors detected? We omitted the following cases in the computation 
of detection latencies (time between error onset and pressing of the button): multi­
syllabic errors (one is never sure which of the two erroneous syllables is reacted to), 
errors followed by a self-repair or containing some disfluency (we argued that subjects 
would usually first finish the correction or find their way out of the disfluency before 
pressing the button; reaction times would thus be seriously delayed), and reactions 
larger then 1500 ms (4.4% of the remaining cases). Table 3 shows the average 
detection latencies. No significant group and condition effects were found in an 
analysis of variance. The latency data suffer from the fact that the number of reactions 
used to compute detection latency was sometimes rather small for an individual subject. 
TABLES 
Detection latencies in msec, disfluency rates (percentage disfluent syllables) and false 
alarm rates (the number of false alarms per number of correct sequences, pooled within 
subjects). 
Normal Speaken; SlUUSETS 
detection 
latency 
disfluency rates 
total numbers 
false alarms 
false alarm 
raies 
Condition: 
mean 
sd 
Normal 
Speech 
604 
234 
0.48% 
136 
2.8% 
Noise 
Masked 
643 
281 
0.52% 
168 
3.3% 
Normal 
Speech 
626 
289 
2.36% 
173 
5.5% 
Noise 
Masked 
613 
299 
1.48% 
202 
5.5% 
Table 3 also includes the disfluency rates per syllable. There was a significant 
condition effect (F(l,34) = 4.23, ρ < 0.05) and a significant group by condition 
interaction (F(l,34) = 4.93, ρ < 0.05). Stutterers were less fluent than normal 
speakers, in particular in the normal speech condition. Noise ameliorated stutterers' 
fluency, but did not affect normal speakers' fluency. 
False alarm rates were computed for each subject from the total number of false 
alarms divided by the number of correct sequences. The nominator refers to the number 
of occasions in which a false alarm potentially could have been given. False alarms 
comprised three types: pure false alarms (27%), pressing the button upon an unfinished 
sequence (62%), pressing the button after a disfluency (11%). An analysis of variance 
did not reveal any significant effects. 
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The perception condition 
The CV stimuli on the tape recording with perception condition contained 47 errors, 
the VC stimuli 40 errors. CV stimuli were presented at an average rate of 3.1 syllables 
per second; VC stimuli at a rate of 2.3 syllables per second. For each presented error a 
range was taken from 0 msec, until 1500 msec., during which period the subject 
should have pressed the button. Outside this range pressing the button was scored as a 
false alarm. Normal speakers reproduced 140 CV stimuli correctly (mean and sd: 7.78 
± 0.55), and 131 VC stimuli (7.39 ± 0.85). Stutterers reproduced 133 (7.28 ± 1.32) 
CV stimuli correctly, and 110 (6.11 ± 2.27) VC stimuli. Both the group (F(l,34) = 
TABLE4 
Number of errors presented and detected, overall and per type of error. The displayed 
detection percentages are derived фег detection rates have been pooled within subjects. 
They therefore are not equal to the division of the number detected errors by the number 
presented errors. 
Perception Normal Speakers SlUUerSE 
condition: 
presented detection presented detection 
errors rates errore rates 
CV stimuli: 
all enofs together 812 613 76% 766 544 70% 
voicing errors 308 1% 64% 291 163 54% 
place of artic. 382 302 79% 362 276 76% 
errore 
place + voicing 122 115 94% 113 105 93% 
errors 
VC stimuli: 
all errore together 661 542 82% 534 410 73% 
place of artic. 196 162 83% 163 120 72% 
errors 
manner of artic. 138 112 81% 100 81 74% 
errors 
place + manner 327 268 81% 271 209 75% 
errors 
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4.91, ρ < 0.05), and the stimulus type effect (F(l,34) = 10.17, ρ < 0.01) were 
significant. 
Due to the fact that subjects varied in the number of trials correctly reproduced, and, 
therefore, also in the number of trials analysed, presented error rates were not equal for 
the two groups, as shown in Table 4. An analysis of variance (incident and detection 
rates summed over error types) revealed that stutterers detected errors significantly 
poorer than normal speakers (F(l,34) = 4.21, ρ < 0.05). Moreover, errors were 
somewhat better detected in VC stimuli than in CV stimuli. This difference was not 
significant, though (F(l,34) = 4.03, ρ = 0.053). An additional analysis of variance 
revealed a significant error type effect (F(l,34) = 27.16, ρ < 0.01), but no significant 
group by error type interaction. We will not further explore the error type effect here, 
since it is of no particular interest. Basically, it means that certain types of errors were 
better detected than others. 
TABLES 
Overall detection latencies (means + id's) in msec, and false alarm rates for the two 
stimulus types and groups, pooled within subjects. 
Perception condiiion: 
Detection 
latencies 
False alarm 
rates 
CV stimuli 
VC stimuli 
CV stimuli 
VC stimuli 
Normal Speakers 
493 ± 77 
530 ± 71 
3.4% 
8.0% 
Stutterers 
515 ±116 
551 ± 151 
5.4% 
6.8% 
Table 5 gives an overview of the detection latencies in the perception condition 
across groups and stimulus types. An analysis of variance showed that detection was 
faster in CV stimuli than in VC stimuli (F(l,34) = 6.96, ρ < 0.01). False alarm rates, 
also depcited in Table 5, were again computed from the number of button presses with 
no error divided by the number of error-free sequences presented to the subject. False 
alarm rate was significantly higher in the VC stimuli than in the CV stimuli (F(l,34) = 
10.79, ρ < 0.01). 
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DISCUSSION 
In this study stutterers' error detection performance was compared to that of normal 
speakers in two speech production conditions: one with normal auditory perception and 
one in which the auditory perception was masked by white noise; and in a perception 
condition in which they listened to other-produced speech. If stuttering results from a 
defective use of the auditory feedback during speech production, as several theories 
purport, one would expect stutterers to detect their self-produced errors poorly in the 
normal speech condition, and/or make many false alarm responses, i.e. react to 
nonexistent errors. In tum, when the auditory feedback, and therefore the auditory 
defect too, is masked by noise, stutterers should do as well as normal speakers. The 
present results do not confirm these expectations. It was found in both the normal 
speech and the noise masked condition that stutterers' error detection rates and false 
alarm rates did not differ significantly from those of normal speakers. Furthermore, the 
two groups detected errors at about the same speed. Hence, the major conclusion seems 
to be that stutterers' monitoring of self-produced speech is not defective. In this light, 
the present data counter theories which postulate that an auditory monitoring deficit 
hampers stutterers' speech production processes and forms the essential cause for 
stuttering (see also introduction). 
In the perception task, stutterers' false alarm rates and detection latencies matched 
that of normal speakers. However, stutterers did detect significantly fewer errors. In 
itself, this finding might support the possibility of a general auditory processing deficit 
(cf. Hageman and Greene, 1989). But such a deficit, if it is of any importance in the 
causation of stuttering, should have affected stutterers' error monitoring in the normal 
speech condition too. As discussed above, this was not the case. An alternative 
explanation derives from the observation that in the perception condition stutterers 
recalled significantly less often what the correct syllabic pattern was at the end of a trial, 
i.e. after the replaying of the tape had stopped. This suggests that stutterers were in 
general more uncertain about the to be monitored target. Consequently, their error 
detection accuracy could have suffered. One may speculate that these poorer recall 
scores relate to a general problem in short-term retention of phonological information. 
This speculation is in line with previous reports on reduced phonological processing 
capacities in stutterers (Bosshardt, 1990; Bosshardt and Nandyal, 1988; Postma, Kolk, 
and Povel 1990b; Wingate, 1988). Still, one can question why such a phonological 
problem did not turn up in some form in the speech production conditions. Neither 
stutterers' monitoring measures, nor the reproduction of stimuli at the end of a trial, 
was significantly different from that of normal speakers. Perhaps, actively practicing 
the stimuli, i.e. actually articulating them, had something do with it. 
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As far as comparisons between the speech production conditions are concerned, it 
was found that the normal speech condition and the noise masked condition did not 
yield significantly different detection accuracy and false alarm rates1. Speakers thus can 
monitor speech fairly well without auditory feedback. Levelt (1983, 1989) argues that 
speakers possess one other source of information in addition to the auditory feedback: 
the internal loop, entailing the inspection of the speech programs shordy prior to 
articulation. The present data seem to support the legitimacy of Levelt's claim. 
Moreover, performance in the noise masked condition may also have benefited from 
proprioceptive, tactile, and efferent signals (cf. Borden, 1979; Lackner and Tuller, 
1979). 
A finding of secondary interest concerns the fact that in all experimental conditions 
errors in VC stimuli were better detected than those in CV stimuli. We may conjecture 
four reasons for this. First, errors in VC stimuli included interactions between plosives 
and fricatives, whereas errors in CV stimuli consisted primarily of slips between 
various types of plosives. Perhaps, the former types of errors are easier to spot. 
However, it should be noticed that in VC stimuli place of articulation errors were 
equally well detected as manner of articulation errors. Second, we may hypothesize 
that, when a final consonant slips, the preceding part of the syllable contains strong 
cues, e.g. anticipatory coarticulation patterns, about the error. In initial consonant slips, 
cues that something will go wrong are much weaker. The presumed cues may possess 
auditory or articulatory quality, or may already be present in the articulatoiy plan. A 
third possibility is suggested by the data in the perception condition. It could be that the 
difference between detection rates in the CV and VC stimuli depends to some extent on 
differences in false alarm rates. Subjects tend to press the button sooner in the VC 
stimuli. However, this would predict also faster reactions in VC stimuli. On the 
contrary, detection latencies in the perception condition revealed the opposite pattern. In 
the last place, and most importantly, it could be that monitoring performance is better 
when there is more time to examine a syllable. In all three conditions, the syllabic 
output rate was much lower in the VC stimuli2. 
1
 Two contrasls with the results obtained by Lackner and Tuller (1979) may be mentioned here First, 
subjects in Lackner and Tullcr's study were slower in the perception condition than in the other two 
conditions, whereas we found the opposite trend (not analysed statistically). Second, Lackner and Tuller 
found normal speakers to do worse under noise than in the normal speech condition. Again, we 
observed the reverse, though not significant, pattern. It is hard to figure out what may have caused 
these differences. Lackner and Tuller did not report detection accuracy rates for the perception condition, 
used other types of syllables, and did not describe in detail how their data were collected and scored. To 
some extent differences may also have denved from how well subjects were trained. In the present 
study, performance could have been less variable if subjects had received extensive practice pnor to the 
actual experimental tasks. 
2
 Production of VC syllable strings, however, appeared more difficult than that of the CV stimuli. VC 
stimuli were pronounced slower, elicited more errors, and were also harder to memorize than CV 
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In sum, in the present study stutterers' error detection accuracy and false alarm rates 
proved to be comparable to that of normal speakers in the normal speech condition and 
in the noise masked condition. Though stutterers did detect errors somewhat worse in 
the perception condition, the major conclusion is that stutterers do not differ from 
normal speakers in monitoring skills of self-produced speech. This conclusion counters 
auditory defect theories, which predict that stutterers' monitoring of speech-auditory 
feedback is defective and deteriorates their fluency. In light of these data, an alternative 
monitoring approach by Kolk (in press) and Postma (Postma and Kolk, in press-a, in 
press-b; Postma, Kolk and Povel, 1990a) appears more viable. In this approach, 
disfluency in both stutterers and normal speakers is attributed to Levelt's internal, 
nonauditory, monitor (Levelt, 1983, 1989). Elevated disfluency in stutterers is 
assumed to result not from a monitoring disorder, but rather from the fact that stutterers 
make too many (phonemic) programming errors which need be reacted to. 
stimuli. Several reasons can be conjectured. First, VC stimuli begin with a glottal stop. This increases 
their articulatory difficulty, and would affect especially the speed at which they can be produced. 
Second, the different set of consonants included in the VC stimuli may have influenced the error 
frequencies and speaking rates in the VC stimuli in some way. Finally, Dell (in preparation) has 
speculated that in consecutive productions of syllable strings it is less easy to recode syllable rimes 
than onsets. The former occurred in our VC stimuli; the latter in the CV stimuli. 
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APPENDIX 
Stimulus material (transcribed with symbols from the International Phonetic Alphabet, 
IPA). 
CV stimuli: 
1 
2 
3 
4 
5 
6 
7 
8 
[ pi ti di bi ] 
[ po bo do to ] 
[ by dy ty py ] 
[ be pe te de ] 
[ ti pi bi di ] 
[ to do bo po ] 
[ dy by py ty ] 
[ de te pe be ] 
VC stimuli 
9 
10 
11 
12 
13 
14 
15 
16 
[isit if ip] 
[osopofot] 
[efetesep] 
[ uf up ud ut ] 
[i t ifipis] 
[ op os ot of ] 
[epefetes] 
[ ut us up uf ] 
- 9 1 -
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CHAPTER 6 
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SPEECH PLANNING AND EXECUTION IN STUTTERERS1 
Albeit Postma, Herman Kolk, and Dirk-Jan Povel 
In this study the maximum speaking rates of nineteen stutterers and nineteen 
nonstutterers were measured for three speech conditions: silent, lipped, and overt. Two 
types of stimulus sentences were used: tongue twisters and matched control sentences. 
The data show that stutterers are slower than nonstutterers for each combination of 
stimulus type and speech condition. The difference between stutterers and nonstutterers 
is larger for lipped speech than for silent speech, and is strongest in the overt condition. 
These results suggest that speech planning is impaired in stutterers. Speech execution 
may be independently affected, or, alternatively, the planning impairment may have 
stronger repercussions with actual speech motor execution. 
INTRODUCTION 
A standard view divides the process of speech production in two terminal stages or 
levels of control (Kent, 1976; MacNeilage, Hutchinson, & Lasater, 1981). First, there 
is the planning or premotor stage at which speech segments, i.e. phonemes, are 
selected and placed in proper order. The psychological reality of this stage is evidenced 
by a large body of speech error data collected over the years (Dell, 1986; Fromkin, 
1980; MacKay, 1970). Second, at the execution or motor control stage, the speech 
segments are translated into motor programs, which, in tum, lead to the muscle 
innervations underlying speech movements. Analysis of speech slips has further shown 
that the two stages are relatively independent. That is, the order of speech segments is 
computed prior to and independent from the computation of the actual movements for 
the segments (MacNeilage et al., 1981). 
Following this global dichotomy of speech production, Smith, Hillenbrand, 
Wasowicz, and Preston (1986) have suggested that, in studying production difficulties 
in various speaking phenomena, new insights may be gained from estimating the 
separate contributions of the planning and execution stage. In particular, one could ask 
why certain utterances are hard to pronounce, and why certain groups of speakers have 
Journal of Fluency Disorders (1990), 15,49-59. 
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special difficulties in putting out these and other utterances? Is it because the articulators 
can't handle the required sequences of motor commands, involving peripheral inertia 
and kinematic interaction? Or does aiticulatory difficulty result from problems in the 
planning stage, preceding the articulatory events? 
A technique very well suited to the approach mentioned earlier may involve, as 
suggested by Smith et al. (1986), the study of silent - also called inner or subvocal -
speech. In silent speech, one can explore speech planning processes independent from 
motor execution. Dell (1980), for example, showed that subjects' overt and silent 
speech include identical speech error patterns. This indicates that speech errors not only 
originate at the planning level, but seem to occur to the same degree when no motor 
execution is required. Moreover, Smith et al. (1986), using words and phrases of two 
syllables, found that tongue twisters - utterances containing rather peculiar sound 
sequences, which one expects intuitively to be difficult to say rapidly - took more time 
in both overt and silent production than control stimuli. In addition, there was a 
significant interaction between stimulus type and speech condition. The most slowly 
produced stimuli in the silent condition differed even more strongly from the other 
stimuli when uttered aloud. Smith and his colleagues concluded that the planning of 
certain utterances might proceed problematically, in a way that it prolongs both inner 
and overt production of these utterances. Motor execution, in turn, may add to these 
premotor disturbances, as reflected by extra longer durations for overt tongue twisters. 
Comparable results were obtained by Haber and Haber (1982), showing that subjects 
took longer to read full-blown tongue twister sentences at maximum speed than 
matched control sentences, both silently and overtly. The difference between tongue 
twisters and control sentences was largest for the overt reading. However, in contrast 
with Smith et al. (1986), this interaction was not significant. 
In the present study we have used the silent speech technique in order to determine 
the relative importance of speech planning and execution in the speaking problems of 
pathological stutterers. Recent work by Peters, Hulstijn, and Starkweather (1989), 
showing that the difference between stutterers and nonstutterers in initiating an oral 
response became larger with longer utterances, clearly suggests that stutterers have 
difficulties in speech organization prior to the actual motor execution. In line with these 
findings, our main objective was to examine further whether speech planning or speech 
execution is impaired in stutterers. For this purpose, we designed an experiment, 
somewhat similar to the Haber and Haber (1982) investigation. Stutterers and 
nonstutterers produced stimulus sentences five times at maximum speed, in three 
speaking conditions: silent, lipped and overt. Stimuli consisted of tongue twisters and 
matched control sentences. In each condition the time needed to produce the sentence 
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was measured. Speech-planning times were estimated by production times in the silent 
conditions, as was done by Smith et al. (1986). 
Given this experimental design, we can make the following predictions with regard 
to possible speech planning and execution impairments in stutterers: 1) If stutterers 
have a planning impairment, we expect them to be slower in the silent condition and, as 
logical consequence, also in the other two conditions. 2) If stutterers have an execution 
impairment, we expect them to be slower in the lipped and overt condition, whereas 
they should be as fast as normal speakers in the silent condition. 
METHOD 
Subjects 
Sixteen male and three female stutterers, ranging in age from 20 to 42 years, 
participated in the experiment. Twelve of them were in therapy at the time of the 
experiment, and were diagnosed by a speech pathologist as stutterers. The other seven 
had been through various stuttering therapies in the past, and considered themselves as 
still being stutterers. A group of sixteen male and three female nonstutterers, ranging in 
age from 21 to 47 years, were used as control subjects. 
Seven stutterers could be labelled severe (as indicated by the number of dysfluencies 
in the overt condition). The others ranged from lightly to moderately dysfluent. One 
control subject showed a moderate number of stutterlike dysfluencies in the overt 
speech condition. Control subjects had no background of speech or hearing defect. 
Stimuli 
Twenty stimulus sentences were used: ten tongue twisters and ten controls (see 
appendix). Control sentences were matched for number of words and syllables, and 
syntactic structure. As tongue twisters usually have a rather strange content, semantic 
characteristics might have a pronounced effect on the time to produce them. Therefore, 
by substituting each content word in a tongue twister for an equally common word 
(often related in meaning) in the control sentence, we attempted to match the two 
stimulus types in plausibility. However, it was not explicitly tested how succesfull this 
match was. 
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Design and Procedure 
The subjects first read all sentences three times aloud before the experimental task 
began. In this task subjects controlled the presentation of stimulus sentences on a 
computer screen by a Mouse button. When this was pressed a visual and audible 
warning signal were presented. Half a second later, the stimulus sentence appeared. 
Subjects were instructed to start producing the sentence immediately, as quickly and 
accurately as possible. They were explicitly told not to study and practice it before 
performance. Each sentence had to be repeated five times without pausing. The subjects 
pressed the mousekey after each repetition. Time between presses was registered by the 
computer and was taken as an estimate of how long it took to complete each sentence 
(production time). 
This procedure was used in all three speech conditions: silent, lipped, and overt. In 
the silent condition the subjects were asked to form an auditive image of the sounds 
composing the sentence, as completely as possible. They were explicitly instructed to 
not move their articulators, and to keep their mouth closed and their tongue still. The 
experimenter checked whether indeed no movement was visible. It should be noted 
here that the silent speech we tried to evoke is quite different from mere silent reading 
of the sentences. In the lipped condition subjects were instructed to mimic closely the 
movements needed to overtly produce the sentence but to refrain from audible sound 
production. 
Order of conditions was counterbalanced over subjects within each group. Stimuli 
appeared in random order within each condition. All conditions began with four 
practice sentences - two tongue twisters and two controls. Stimulus presentation and 
time registration was done on an Atari 1040ST microcomputer. The overt speech was 
also recorded on a Revox A77 tape recorder for later analysis of various types of 
disruptions. 
In sum, the independent variables consisted of one between-subjects factor, namely, 
group (stutterers vs. nonstutterers), and three within-subjects factors: speech condition, 
stimulus type, and repetition number. 
RESULTS 
Figure 1 shows the mean production times (averaged over five repetitions) for the 
two groups and the three speech conditions. In Table 1, the exact production times are 
presented for the first repetition and the mean of the last four repetitions, across the two 
stimulus types. 
There is a clear condition effect (F(2,1074) = 155.9, ρ < 0.01). Moreover, the 
condition effect is also significant when analysing only two conditions at a time 
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(F(l,701) = 264.58, ρ < 0.01) for the silent and the lipped condition; F(l,701) = 
94.32, ρ < 0.01 for the lipped and overt condition; and F(l,701) = 257.13, ρ < 0.01 
for the silent and the overt condition). This means that lipped speech takes longer than 
silent speech, and overt speech is even slower. Stimulus type also yields a signiñcant 
main effect (F( 1,1074) = 49.12, ρ < 0.01). Obviously, tongue twisters consume more 
time than control sentences in each speaking condition. 
Most interesting are the differences between the two groups. The group factor is a 
significant main effect (F(l,36) = 18.41, ρ < 0.01). For each combination of stimulus 
type and speech condition, stutterers are much slower than nonstutterers. Besides, 
stutterers differ significantly from nonstutterers when looking at each condition 
separately: (F(l,36) = 5.73, ρ < 0.05 for the silent speech; F(l,36) = 19.31, ρ < 0.01 
for the lipped speech; and F(l,36) = 11.93, ρ < 0.01 for the overt speech). Moreover, 
as can be seen in Figure 1, there is a significant interaction between group and 
condition (F(2,1074) = 50.49, ρ < 0.01). Again this interaction effect is also significant 
when analysing only two conditions at a time (F(l,701) = 39.6, ρ < 0.01) for the silent 
and the lipped condition; F(l,701) = 42.69, ρ < 0.01 for the lipped and overt condition; 
and F(l,701) = 79.32, ρ < 0.01 for the silent and the overt condition). Apparently, the 
difference between stutterers and nonstutterers is larger for lipped than for silent 
speech, and is even more pronounced in the overt condition. So stutterers' production 
times are more strongly affected when motor execution is also involved. 
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Figure I. Mean speech limes for stutterers and nonstutterers. across speech conditions. 
-98-
TABLE 1 
Mean speech times in milliseconds for the first repetition and the average of the last four 
repetitions across groups, stimulus types, and speech conditions. Standard deviations are 
displayed under each of the mean values 
FIRST REPETITION LAST TOUR REPETITIONS 
NonstuDcrcrs Stutterers Nonstuttereis Stutterers 
control sentences 
tongue twister 
control sentences 
tongue twisters 
control sentences 
tongue twisters 
X 
SD 
X 
SD 
Χ 
SD 
Χ 
SD 
Χ 
SD 
Χ 
SD 
2113 
60S 
2313 
633 
2440 
511 
2591 
523 
2533 
512 
2800 
561 
Silent Speech Times 
2489 
620 
2810 
933 
2128 
587 
2348 
633 
Lipped Speech Times 
3168 
865 
3328 
899 
2305 
527 
2506 
501 
Overt Speech Times 
4499 
3192 
4576 
2830 
2393 
518 
2715 
627 
2459 
512 
2700 
580 
2853 
630 
3103 
698 
3484 
1843 
3921 
1994 
In Table 1 production times are also shown for the first repetition on one side, and 
the last four repetitions, grouped together as they did not add much information 
seperately, on the other side. The repetition factor yields a significant main effect on 
production time (F(4,1074) = 4.05, ρ < 0.01). It can be seen that, in general, the first 
repetition takes longer than the following repetitions of the stimulus sentence. 
Especially in the overt condition, stutterers seem to have particular problems with the 
first repetition of the stimuli. There are no significant interactions between group and 
repetition, however. 
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47 
5 
7 
51 
18 
10 
143 
577 
14 
35 
705 
409 
145 
104 
Finally, in Table 2 the mean frequencies of various types of dysfluency in the overt 
condition - averaged over two trained, independent judges - are shown for stutterers 
and nonstutterers. 
TABLE2 
Mean frequencies (averaged over two judges) qfdysfluenciesfor nonstutterers and 
stutterers in the overt speech condition. 
NonstuLteis Stutterers 
sound-syllable repetitions 
word repelilions 
word group repetitions 
blocks 
sound prolongations 
sound interjections 
sclf-repaiis 
As would be expected, stutterers are notably less fluent than nonstutterers, in 
particular with respect to sound-syllable repetitions, blocks, and prolongations. 
Naturally, this will have slowed down their overt production times considerably. 
DISCUSSION 
The main goal of the present study was to examine whether stutterers have problems 
in speech planning or in speech execution. Our data show, conform prediction (1) in 
the introduction, that stutterers are slower than nonstutterers in the silent condition, and 
- to a larger degree - in the lipped and overt condition. The difference in silent speech 
indicates that stutterers have increased speech planning times. This might imply a 
problem in speech planning. Furthermore, the fact that stutterers are still slower with 
lipped and and overt speech signifies an extra amount of difficulty when motor 
execution is involved. In the following we will discuss in more detail these overall 
conclusions. 
We have attributed the difference between stutterers and nonstutterers in the silent 
condition to increased speech planning times in the former group. Alternative 
explanations are possible, however. First, one could argue that stutterers are not slower 
than nonstutterers in silent speech but just late in pressing the Mouse button. Perhaps 
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they simply have elevated manual reaction times. The literature reports contradictory 
finding for simple manual reaction times. In a study by Luper and Cross (1978), 
stutterers were significantly slower than nonstutterers, with a mean of 28 ms. Prosek, 
Montgomery, Walden, and Schwarz (1979), and Reich, Till, and Goldsmith (1981) 
found much smaller differences (5 ms and 15 ms, respectively). Even when one 
assumes that stutterers are in general late with simple manual reactions, this difference 
would be too small to explain the relatively large gap of 361 ms between stutterers and 
nonstutterers in our experiment. 
A second alternative interpretation of the difference between stutterers and 
nonstutterers in silent speech might hold that stutterers have troubles in the perceptual 
identification of the stimuli. In other words, they would have some kind of reading 
problem. We can not completely rule out this alternative. Bloodstein (1981, p. 200), 
however, reports several studies which have not found any significant differences 
between stutterers and nonstutterers in silent reading skills. Moreover, if a reading 
factor would have been important in the present task, it should be reduced by letting the 
subjects first practice the stimuli prior to the experiment. In addition, we would expect 
that such a reading factor plays a role mostly in the first repetition of the stimulus. Our 
data show that, in the later silent repetitions of the stimuli, stutterers are also 
considerably slower. 
A third complication with attributing the difference between stutterers and 
nonstutterers in the silent condition to increased speech planning concerns the question: 
what processes are precisely involved in silent speech? Covert language tasks, like our 
silent speech task, are generally assumed to include phonological encoding (Dell, 1980; 
Locke, 1978; McCutchen & Perfetti, 1982; Smith et al., 1986). Moreover, MacKay 
(1987, p. 160) posits that silent and overt speech share the phonological system, 
whereas the muscle movement system only becomes engaged during overt speech. His 
claim is supported in a way by Dell's finding (1980) that subjects' silent and overt 
speech contained strikingly similar speech error patterns. Therefore, though one can 
question whether the phonological activity in silent speech is exactly the same as in in 
overt speech, a strong correspondence between the two may at least be assumed. In this 
light silent speech seems an appropriate reflection of the planning stage. On the other 
hand, covert language is also often accompanied by increased EMG activity in the 
speech apparatus, even when no movement is observable (Garrity, 1977; Sokolov, 
1972). This suggests the possibility of some kind of speech motor activity in the silent 
speech task. However, it remains disputable whether that would concern real motor 
execution or merely "leaking" of activity into the motor system. It seems unlikely that 
such motor activity could account for the difference between stutterers and nonstutterers 
in silent speech durations. 
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Assuming that silent speech durations are an appropriate measure of speech planning 
times, i.e. phonological encoding, a closer look at the stimulus type factor would be 
informative. Findings by Haber and Haber (1982) and Smith et al. (1986) confirm that 
tongue twisters take up more time than control sentences during silent speech. The 
problem with tongue twisters lies in part in the planning of these sentences prior to their 
actual articulation. Of greater importance here is the fact that the difference between 
stutterers and nonstutterers is the same for tongue twisters and control sentences over 
all three speaking conditions. Consequently, if stutterers have a general speech 
planning problem, as suggested above, it seems that this problem is not aggravated by 
utterances which are phonologically more difficult. 
With regard to the execution stage, the enlarged difference in production time 
between stutterers and nonstutterers with lipped and overt speech may indicate that 
stutterers have an execution impairment in addition to a planning defect. Such would 
accord with the large body of evidence accumulated over the years on aberrant motor 
movement patterns in stutterers (for a clear review, see St. Louis 1979). From our data 
alone, however, we have to be cautious to draw such a conclusion. Obviously, there is 
a confounding of production time with number of dysfluencies. This is shown by the 
overt speech condition, in which a much higher dysfluency rate is found for stutterers 
than for nonstutterers. We do not know whether in our study stutterers' speech rates in 
fluent stretches were also slowed as compared to nonstutterers. The same confounding 
may be present in lipped speech, although we have the impression that there was hardly 
any stuttering in that condition. However, this was not explicitly established. 
Therefore, on the basis of the present data, the question remains open whether the 
execution stage is also impaired in stutterers, or whether the problems at the planning 
stage just have stronger repercussions - in the form of dysfluencies - for speech 
conditions requiring actual motor execution. 
At this point, it is interesting to take a closer look at lipped speech. Perkins, Rudas, 
Johnson, and Bell (1976) argue that it differs primarily from overt speech in reduced 
phonatory functioning. Subsequently, they demonstrate the beneficial effects of not 
phonating on fluency in stutterers. In this light, the strong increase in production time 
from lipped to overt speech - irrespective of whether it depends only on the number of 
dysfluencies or not - would suggest that adding phonation to the speech motor 
processes seems indeed to impair performance in stutterers quite a bit. On the other 
hand, the equally strong difference between the silent and lipped speech conditions 
indicates that even when phonation is absent, performance is still affected in stutterers. 
In contrast with Perkins et al. (1976), Starkweather (1982) poses that besides 
phonation, other speech gestures could also be changed in lipped speech, for example, 
velocity of movement and coarticulation patterns. Moreover, auditory cues differ 
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strongly between lipped and overt speech. Hence, both auditory alterations and motoric 
alterations other than phonatory changes could as well be responsible for the observed 
differences between lipped and overt speech conditions. 
In sum, we can conclude that stutterers are slower than nonstutterers in silent speech 
and - to an increased degree - in speech conditions involving actual speech motor 
performance, i.e lipped and overt speech. The difference in silent speech suggests that 
speech planning is impaired in stutterers. With respect to the lipped and overt condition, 
the data indicate that either the speech execution stage is independently impaired от that 
the planning defect has stronger consequences with actual speech motor movements. 
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APPENDIX: STIMULUS SENTENCES (IN DUTCH) 
Tongue twisters 
1 De pittige kip pikte de kribbige kater. 
2 De koetsier poetst de postkoets met poets. 
3 Frisse Fientje fietst fluitend langs de Friese fretten. 
4 De trage tor trapte telkens op de trillende takken. 
5 Slimme fietsers slepen fluitend slome fietsers mee. 
6 Moeder sneed zeven scheve sneetjes brood. 
7 De dromende dominee doopte dronken dorpelingen. 
8 De brakende bakker brak beide bakens in brokken. 
9 De vroedvrouw voedt de vrome voedster. 
10 De gave graven groeven graag grote gaten. 
Control sentences 
1 De sullige hond likte de vrolijke slager. 
2 De chauffeur verft de bromfiets met verf. 
3 Stoere Karel loopt schreeuwend naar de Drentse hazen. 
4 De dikke man stopte zelden voor de rijdende bussen. 
5 Domme meisjes lachen stralend knappe meisjes uit. 
6 Vader vond negen krommme stukjes worst. 
7 Het zingende doktertje slaakte wilde verwensingen. 
8 De zwetende visser trok alle lakens in stukken. 
9 De buurvrouw helpt de slappe werkster. 
10 De tamme jonkers zagen vaak smalle goten. 
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MANUAL REACTION TIMES AND ERROR RATES IN STUTTERERS1·2 
Albert Postma and Herman Kolk 
In this study 18 stutterers and 18 nonstutterers were presented trials on which they 
should press a button as fast as possible, intermixed with trials which required no 
responding. It was found that stutterers had slightly faster reaction times but also made 
slightly more errors, that is, they tended to press the button when they should not have 
done so. As neither difference was significant, it was concluded that stutterers did not 
differ from normal speakers in manual reaction speed, nor did they chose a different 
speed-accuracy tradeoff criterion for the given task. 
INTRODUCTION 
Manual reaction times of stutterers have often been studied to assess general motoric 
or central problems in timing and coordination. A slightly diffuse pattern emerges from 
several studies. For a simple key-pressing task, Luper and Cross (1978) reported that 
stutterers were significantly slower than normal speakers, on the average 28 msec. 
Prosek, Montgomery, Walden, and Schwartz (1979) and Reich, Till, and Goldsmith 
(1981) obtained nonsignificantly slower reaction times of, respectively, 5 and 15 msec. 
on comparable tasks. Borden (1983) registered silent finger-counting times. Finger 
counting obviously requires a higher grade of manual motor coordination than key-
pressing and so is more analogous to speech production. It was found that stutterers 
were 114 msec, slower than controls in a delayed response condition, in which the 
response to be given was presented 1 sec. prior to the signal to initiate the response, 
and 150 msec, in an immediate response condition, in which response and response 
signal were presented simultaneously. These differences were not significant, though. 
The key-pressing tasks discussed above typically required subjects to respond as 
fast as possible to a certain stimulus, which appeared at unexpected moments in time. 
Reaction times measured in such fashion clearly depend, amongst others, on a subject's 
1
 Perceptual and Motor Skills (1991), 72,627-630. 
2 The authors thank Ellen van de Velde for her assistance in the data collection. 
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choices on a speed-accuracy trade-off dimension. One can speed up at the costs of 
errors, i.e., reacting when the response signal was not (yet) present. Unfortunately, 
none of the aforementioned studies has reported figures on such errors. Therefore, the 
purpose of the current investigation was to examine error rates in relation to manual 
reaction times to compare speed-accuracy trade-off strategies between stutterers and 
normal speakers. We did so by intermixing go trials: signals which indicated that a 
button should be pressed as fast as possible, with no-go trials: signals to which no 
reaction should be made. 
METHOD 
Design and Procedure 
A trial started with an asterisk (*), presented in the midst of a computer screen for 1 
sec., as a warning sign. A short period after the warning sign had disappeared, two 
graphemes were displayed, 1.5 cm. left and 1.5 cm. right from the middle of the 
screen. This was also accompanied by a short buzz. Graphemes were either two αϊ or 
two bs. The as represented a go trial: subjects were instructed to press a button as fast 
as possible. The bs formed a no-go trial: subjects were not to press the button. For the 
go trials feedback about the reaction time appeared on the screen, following the button 
press. For the no-go trials this feedback was a text of disapproval when the button was 
pressed, reading "Wrong, you should not have pressed". When subjects had not 
reacted to a no-go signal after two seconds, a text of approval appeared, reading: 
"Correct, you have not pressed". All types of feedback remained for 2 sec. on the 
screen. The next trial started automatically 1 sec. later. 
The response interval, i.e., time between the disappearance of the warning sign - the 
asterisk - and the presentation of the response signal - as or bs - was either 1000,1500, 
or 2000 msec. Each interval length had an equal chance of occurrence on a trial, 
irrespective of the previous trials. Also, the chance on a go signal was .75 for each 
trial, no matter how many go trials had already preceded. 
The experimental task included 6 practice trials, 2 of which were always no-go 
trials, and 30 real trials. Subjects were instructed to keep a finger on the button and to 
concentrate on the feedback. 
-109-
Subjects 
Eighteen stutterers, ranging in age from 21 to SO years, and eighteen normal 
speakers, ages 20 to 49 years, participated in the experiment. Both groups included 3 
women and 15 men, and were matched for age (within 5 years). Moreover, over-all 
they had the same education (two classifications were employed: low and average 
education, versus higher and academic education). Three stutterers were in therapy at 
the time of the experiment. The other stutterers had been through one от more therapies 
in the past All stutterers considered themselves as still stuttering. None of the normal 
speakers had experienced any speech or hearing disorders in the past. Prior to the 
experiment, subjects read a passage of 418 syllables. Stutterers were on 6.1 ± 10.9 % 
of the syllables disfluent, normal speakers on 1 ± 0.8 %. Moreover, on the Speech 
Situations Checklist (Brutten, 1975), stutterers scored 103 ± 57 on the factor Emotional 
Response, and 98 ± 54 on the factor Speech Disorganization. 
RESULTS AND CONCLUSIONS 
Reaction times were measured with an accuracy of 1 msec. Table 1 shows the mean 
reaction times for stutterers and nonstutterers for the three response intervals. 
TABLE 1 
Manual reaction times (means and standard deviations) in msec, of stutterers and nonstutterers with 
various delays of the response signal. 
η Subjects Response Signal Interval 
1000 msec. 1500 msec. 2000 msec. 
M SD M SD M SD 
18 Controls 411 77 401 70 401 54 
18 Stutterers 365 73 371 88 357 63 
These data indicate a trend towards shortening of reaction times when the response 
interval became longer. This may be a consequence of the fact that the uncertainty of 
when to respond decreased after more time had passed. Table 1 further illustrates that 
stutterers were somewhat faster than controls. A two-factor analysis of variance was 
carried out on the mean reaction times. Neither the response interval nor the group 
effect was significant. 
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Stutterers as a group received 113 no-go trials (of a total of 540 trials), on which 
they made 35% errors. Nonstutterers produced 30% errors on 114 no-go trials. This 
difference in error rate was not significant on a chi-squared test. It might suggest an 
explanation, though, why stutterers were also a bit faster than the controls. They 
simply waited less long to process the response signal. As a major conclusion, 
however, we have to stick to the nonsignificance of the group differences. Our results 
then indicate that stutterers' manual reaction times equal those of nonstutterers, in line 
with observations by Prosek et al. (1979) and Reich et al. (1981). Moreover, they 
suggest that stutterers did not employ different speed accuracy trade-off criteria on the 
simple reaction-time decision task employed here. 
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CHAPTER 7 
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SUMMARY AND CONCLUSIONS 
Two questions have been addressed in this thesis: which mechanisms determine the 
occurrence and form of disfluencies; and why do confirmed stutterers make so many of 
them? In chapter 1, a theoretical position with respect to these questions is presented: 
"the covert repair hypothesis of disfluency". This position follows the global 
architecture of Levelt's recent model on speech production (1983,1989). Basically, in 
Levelt's model speech production is assumed to comprise the execution of a phonetic or 
articulatory plan, which has been generated by a series of hierarchically organized 
linguistic and cognitive planning processes. These planning processes regularly err, 
and this in a variety of ways, resulting in speech error intrusions in the speech output. 
Furthermore, speakers are supposed to possess a special device for detecting and 
correcting these errors: the speech monitor. There are two ways of detecting errors: an 
internal loop, i.e. scanning the articulatory plan prior to its articulation; and an auditory 
loop, i.e. hearing one's own speech. 
The covert repair hypothesis relates disfluencies to the internal monitor. Internal 
monitoring provides speakers with the opportunity to detect and correct errors before 
they intrude into overt speech. Such covert repairing, however, has a high chance of 
interfering with the ongoing speech, thus causing a disfluent disturbance of the 
utterance. More specifically, it is hypothesized that the type of error covertly repaired 
and the span of retracing in an utterance, which is part of the repair proper and which 
can vary from nil to a complete phrase, together determine the particular structure of the 
disfluency (i.e. the type of disfluency). 
The covert repair hypothesis is intended as an account of disfluency in both nonnal 
speakers and stutterers. Specific assumptions for the latter group are: (a) stutterers have 
normal monitoring processes; their disfluencies derive from the same mechanisms as 
those underlying nonnal speakers' disfluencies. Increased tension and duration of 
stuttered disfluencies is based upon multiple, consecutive coven repair actions; (b) the 
core reason for stutterers' fluency problems is a phonological programming defect, 
which makes their articulatory plans error-prone. 
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SUMMARY EXPERIMENTAL FINDINGS 
In chapter 2, a first test of the idea that disfluencies relate to repair processes was 
performed. The effects of speaking accuracy on disfluency, speech error, and (overt) 
self-repair rates were examined in normal speakers. It was found that an emphasis on 
accuracy led to considerably fewer speech errors, but did not change self-repair rates. 
Apparently, the percentage errors corrected, i.e. followed by a self-repair, increased 
when accuracy of speaking became more important. The disfluency rates were also 
unaffected by the accuracy manipulation. Hence, there appeared to be not only an 
elevated tendency for overt self-repair, but also for covert self-repair. The relative 
increase in disfluency compared to the speech error rates under accuracy emphasis was 
regarded as evidence of the latter. These findings thus support the covert repair 
hypothesis of disfluency. In chapter 3, similar data were obtained for a group of 
stutterers. So, a repair account, as postulated, might apply to disfluency in stutterers 
too. 
Chapter 4 describes an experiment with normal speakers in which the accuracy 
manipulation was combined with masking of the auditory feedback by white noise. 
Again, accuracy emphasis lowered subjects' speech error rates, but did not change 
disfluency and self-repair rates. Noise, on the other hand, did reduce the disfluency and 
self-repair frequencies, but had no significant effect on the speech errors. This further 
supports the idea that disfluency derives from repair activities. It was argued that noise 
masking affected speech monitoring in two ways. First, it reduced the information 
available for monitoring, by suppressing, partly or completely, the auditory signals. 
Second, it diminished speakers' overall monitoring scrutiny. The latter effect was taken 
to have been instrumental in enhancing subjects' fluency. It is worth mentioning that 
despite the inhibition of auditory feedback, subjects still produced overt self-repairs in 
significant numbers. This corroborates the assumption that speakers possess an internal 
monitor mechanism, by which they can detect and correct errors before these have led 
to audible consequences. A detailed analysis of self-repairs further strengthened this 
conclusion. A considerable number of phonemic errors was repaired with no other 
sounds intervening between the итог and the onset of the correction. The auditory loop 
obviously is too slow to account for such fast interceptions. Hence, subjects must have 
had prior knowledge that they were going to err. An internal monitor is capable of 
providing this kind of knowledge. 
Chapter 5 addresses the question whether stutterers differ from normal speakers in 
monitoring skills. Specifically, as put forward in several theories on stuttering, 
stutterers might suffer an auditory monitoring defect which is then argued to form the 
core of their fluency problems. In an experiment designed to answer the above 
question, stutterers and normal speakers had to register errors in their own speech by 
-115-
pressing a button in two speaking conditions: either with normal auditory feedback, i.e. 
while both the internal and the auditory loop were available for monitoring, and with 
auditory feedback eliminated by white noise, i.e. only internal monitoring was 
possible. No significant differences in percentage errors detected от in false alarm rates 
distinguished the two groups. This indicates that stutterers' internal and auditory 
monitoring of self-produced speech is within normal standards. The data obviously 
counter the disturbed auditory feedback theories of stuttering. In a third experimental 
condition, in which subjects had to monitor errors in other-produced speech - this task 
thus only encompassed some kind of auditory monitoring - stutterers did detect errors 
significantly worse than normal speakers. It was speculated that this could relate to a 
general phonological problem, i.e. a limitation in keeping a phonological norm 
representation, against which the other-produced speech was matched, active in short 
term memory. 
Chapter 6 investigates the proposition that stutterers may suffer a phonological 
programming defect. The basic rationale was that one should be able to demonstrate 
stutterers' speech planning activities, preceding and independent from actual speech 
motor execution, to be affected in some way. An experiment was conducted in which 
stutterers and normal speakers had to recite sentences as fast as they could, in three 
manners: silently (no sound and articulatory movements); lipped (movements but no 
sound); and overtly (both sound and movements). Stutterers were slower in each of 
these three speech conditions. The difference with normal speakers was second largest 
in the lipped condition, and largest in the overt condition. These findings suggest a 
speech planning problem in stutterers: their phonological programming times appear to 
be prolonged. Speech motor execution may form an additional problem, or the 
repercussions of the programming defect are increased when actual motor movements 
are required. 
Chapter 6 further includes a small manual reaction time study with stutterers and 
normal speakers. Subjects were presented trials to which they should press a button as 
fast as possible, intermixed with trials which required no responding. No differences 
between stutterers and normal speakers in reaction speed or in number of errors, i.e. 
reacting when they should not have done so, were observed. 
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C O R R O B O R A T I V E F I N D I N G S 
A number of empirical observations, mostly from the stuttering literature, are in line 
with the major premises of the covert repair hypothesis. 
(1) There is evidence that speech planning activities, i.e. linguistic processes 
preceding speech motor movement, are disordered in stutterers. Peters, Hulstijn, 
and Starkweather (1989) reported that initiation time of vocal responses, a 
measure of the time needed for speech planning, revealed larger differences 
between stutterers and normal speakers when the to be produced utterance was 
longer. Moreover, in line with findings from chapter 6, Bosshardt (1990; and 
Nandyal, 1988) demonstrated that silent reading rates of word lists at maximum 
tempo are slower in stutterers than in controls. Given these results, Bosshardt 
(1990) states that "... a strictly motoric interpretation of stuttering is insufficient if 
it is not supplemented by assumptions about differences in speech planning". 
(2) Since long, it has been known that stutterers' disfluency rates are affected by 
various linguistic factors. Stuttering occurs more frequently on consonants than 
on vowels, on syllable and word initial positions, on content words than on 
function words, and on stressed syllables (for an excellent review, see St. Louis, 
1979). Moreover, syntactic complexity of an utterance elevates stuttering rates 
(Wells, 1979). These findings suggest that certain aspects of linguistic planning 
are disordered in stutterers. As such they support the assumption made in the 
covert repair hypothesis, that stutterers' phonological encoding processes are 
deteriorated. Linguistic factors then are thought to affect stuttering frequency as, 
in general, they increase the probability of phonological encoding errors. 
Interestingly, some of these factors also influence speech error rates. Word initial 
syllables, content words, and stressed syllables are all error-prone (Dell, 1986). 
Furthermore, Mackay (1970a) reports that normal speakers tended to repeat a 
phoneme more often (in other words, stuttered more) when the same phoneme 
appeared in a similar phonetic context shortly before or after the repetition. The 
recurrence of phonetic context also has marked effects on speech error rates (Dell, 
1984; MacKay, 1969,1970b). 
(3) Both speech error and disfluency frequencies increase with speech rate 
(unreported data from chapters 3 and 4. See also chapter 2; Dell 1986; and 
MacKay 1971, with respect to normal speakers' speech errors; and Adams, 
Lewis, and Besozzi, 1973; Andrews, Howie, Dozsa, and Guitar, 1982; Perkins, 
Bell, Johnson, and Stocks, 1979 with respect to disfluency in stutterers). 
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Speeding up speech tempo is thought to lead to more planning lapses, i.e. internal 
speech errors, and thus increases overt error rate (cf. Dell, 1986; Mackay, 1982). 
More internal errors provide also greater occasion for covert repair, and would 
thus elevate disfluency numbers (cf. Kolk, in press; see also chapter 3). In 
chapter 2, it was speculated that speaking rate would have relatively stronger 
effects on speech errors than on disfluencies. To some extent, the application of 
repair strategies may be limited at high speaking rates. As yet, this idea needs 
further empirical substantiation. 
(4) Arends, Povel, and Kolk (1988) found that drawing stutterers' attention away 
from monitoring their speech, by means of a dual-task, led to improved fluency. 
RELATION TO OTHER THEORIES OF STUTTERING. 
How does the covert repair hypothesis relate to other approaches of stuttering? In the 
following, two lines of research are discussed, which seem most interesting for such a 
comparison: the motor control point of view, and the disordered feedback approach. 
(1) The speech motor control approach. Today, a prominent paradigm in stuttering 
research concerns the study of speech motor control abilities in stutterers (e.g. Peters 
and Hulstijn, 1987; Peters, Hulstijn, and Starkweather, in press). Several 
investigations have shown that stutterers possess inferior speech motor skills. For 
example, Peters and Boves (1988) report deviant build up of subglottal pressure prior 
to onset of phonation in stutterers. Moreover, their voice onset times are longer 
(Zimmerman, 1980b), and speech is produced with excessive laryngeal muscle activity 
levels (Shapiro, 1980). Zimmerman (1980b) found stutterers to deviate on several 
articulatory measures: interarticulator positioning, movement onsets, and achievement 
of peak velocities. Furthermore, Alfonso (in press; Alfonso, Watson, and Baer, 1987) 
demonstrated that spatial and temporal coordination of articulatory gestures was poor in 
stutterers. All the data mentioned above were collected from perceptually fluent 
utterances. 
Whether observed speech motor defects can form the basis for a viable theory of 
stuttering depends on how one can explain the occurrence and specific form of a 
disfluent interruption from such defects. In other words, how does the motor control 
disorder eventually lead to stuttering events? One of the most elaborated speech motor 
control models of stuttering is that of Zimmerman (1980c). Zimmerman's basic 
reasoning is that speech motor execution generates a large amount of afferent activity. 
Afferent activity feeds back into the motor system and in this manner may influence 
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speech motor control directly. Displacements, velocities, accelerations, and temporal 
and spatial relationships among the articulatory movements together determine the 
magnitude or strength of the afferent feedback. According to Zimmerman, if afferent 
feedback exceeds certain thresholds, it can trigger brainstem reflexes which disrupt 
motor performance in the form of oscillations and tonic behaviors. These disruptions 
constitute a core disfluency, which can grow into an even worse form in certain 
stutterers by hypertonic escape behaviors that follow upon it. Stutterers' feedback 
thresholds may be too low, or they may produce speech with excessive movements. 
Two major objections against the Zimmerman model (1980c) can be raised. First, 
there is the well-established fact that most stuttering occurs at the beginning of 
utterances. As the total amount of feedback seems highest when speaking is well under 
way, the Zimmerman model would predict more disfluency in later positions1 . The 
second objection concerns the explanation of the actual form of disfluencies. The 
observed perturbations in stutterers' speech motor movements are of a low level 
signature, i.e. in an absolute sense they involve only slight temporal and spatial 
deviancies. The striking thing about these perturbations is that they do not seem to have 
large perceptual consequences: they correspond neither to perceptually identifiable 
articulation errors nor to audible disfluencies. Stuttering interruptions, however, are 
rather molar events. Repetitions of sounds and part of syllables, and prolongations of 
sounds are at least of a phonemic size. Hence, there is quite a discrepancy between a 
tiny movement error and a relatively large sized disfluency. Though Zimmerman's 
model might account for prolongations and repetitions of single articulatory gestures, 
continuations of complete sounds and repetitions of one or more complete sounds are 
difficult to reduce to brainstem reflexes only (see also Kolk, in press). 
A solution to the problem of how motor control irregularities eventually constitute 
disfluencies is to postulate some kind of intermediate coping mechanism. Stuttering 
then reflects a stutterer's attempt to overcome (i.e. to cope with) the motor error (cf. 
Freeman and Ushijiama, 1978; Stromstra, 1986, pp. 8, 14, 112; Van Riper, 1971). 
Clearly, such a coping mechanism strongly resembles a monitor. Indeed, on the 
condition that motor execution processes, i.e. proprioceptive, tactile, or efferent 
feedback, can be monitored (see also chapter 1, pp. 10, 13), one may try to integrate 
motor control approaches with a repair account. Motor errors might be detectable, and 
when reacted to, would cause stuttering. This proposal has two implications. First, the 
error is at least partly overt before it is detected and speaking is halted. Hence, if one 
1
 This objection could be countered by pointing out that at the beginning of an utterance motor 
movements are more complex and entail higher velocities than at the later parts. Hence, the strength of 
afferent signals per articulatory gesture would be largest at the beginning. Still, the total amount of 
afferent feedback seems to accumulate the further an utterance is executed. The question then is which 
of the two factors is the strongest. 
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could measure precisely enough, always some kind of articulatory irregularity would 
accompany (and precipitate) a stuttering block. Interestingly, several deviant speech 
gestures have been recorded during stutterers' disfluencies, like aberrant interarticulator 
positioning (Zimmerman, 1980a), inappropriate formant transitions (Stromstra, 1986), 
and antagonistic laryngeal abductor and adductor activity (Freeman and Ushijima, 
1978). Second, a monitor which is able to detect motor errors, should know quite a lot 
about motor programming and execution. One may dispute this implication. As 
discussed in chapter 1 (p. 10), such might mean a substantial duplication of 
knowledge. Besides, it would increase the attentional load on the speaker's monitoring 
system enormously. 
Whether it is necessary to extend the covert repair hypothesis to include the 
possibility of monitoring of speech motor errors, depends on the status one attributes to 
these errors. A first possibility could be to regard them as having nothing to do with 
stutterers' fluency problems. They simply are co-occurring phenomena. Second, motor 
control errors might be secondary consequences of a lifetime of stuttering. They might 
be accessory behaviors conditioned upon every speech activity in which a stutterer 
engages, like a continuously higher tension build-up in the speech apparatus. In this 
light, it would be of interest to see whether the fluent speech of child stutterers shows 
the same kind of articulatory irregularities as that of adult stutterers. In a way, this 
possibility is a variant of the co-ocuning disorders option. A third possibility is that 
speech motor deviancies in stutterers' perceptually fluent speech are the afterglow of 
either single stuttering blocks, or of an overall excessive disfluency rate. This, of 
course, could easily be controlled for experimentally. That is, one might collect a 
variety of physiological measurements of the speech apparatus after a stuttering block in 
order to assess whether any gross changes did occur and persist. (See also, Louko, 
Edwards, and Conture, 1990). 
(2) The disordered feedback approach. It is commonly asserted that speech production 
normally is monitored by one or more sensory feedback loops. Feedback theories of 
stuttering purport that stutterers have at some place in this monitoring cycle a defect, 
which gives them the spurious idea that an error has intruded their speech production 
processes. In turn, they undertake - unnecessary - repair actions, which result in 
interruptions of the ongoing speech, i.e. stuttering. Various feedback monitoring 
defects have been proposed. First, a much favoured candidate concerns a disturbance in 
the auditory feedback loop (Cherry and Sayers, 1956; Fairbanks, 1954; Hageman and 
Greene, 1989; Mysak, 1960; Webster and Lubker, 1968). Second, stutterers may rely 
too much on the - inferior - auditory feedback for monitoring their own speech, while 
neglecting the more efficient proprioceptive and tactile information (cf. Lane and 
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Tranel, 1971; Van Riper, 1982, pp. 385-386). Third, Harrington (1988) contends that 
in speech production the moment at which the auditory feedback returns is compared to 
some internal standard, i.e. an expectation of the moment of the feedback return. In 
Harrington's view, not the feedback itself but rather the stutterer's internal standard is 
incorrect - the expected time is set too early - and thus leads to compensatory stalling 
behaviors, like repetitions and prolongations. 
The disordered feedback approach relies primarily on two groups of findings: 
stuttering frequency is reduced by delaying the auditory feedback (DAF) via a 
mechanical device (Andrews et al., 1982; Lee, 1950, Howell, El-Yaniv, and Powell, 
1987), and by masking it with some form of noise (Andrews et al.; Cherry and Sayers, 
1956; Conture, 1974; Howell et al.; Maraist and Hutton, 1957; Yairi, 1976). DAF and 
noise are argued to be beneficial as they eliminate the presumed (auditory) feedback 
fault. A number of objections against the feedback theories can be raised. First, as far 
as these theories postulate a closed loop control model of speech production, they 
suffer from the strong arguments against these kinds of models discussed in chapter 1 
(p. 6). Basically, these arguments converge to the notion that speech produced in the 
absence of sensory feedback can be fairly intelligible. Second, masking the auditory 
feedback has been found to ammeliorate stuttering even when it is only partial (Barr and 
Carmel, 1969; Yairi, 1976), or when it is not synchronous with the actual speaking 
moments (Sutton and Chase, 1961). Apparently, noise which involves minor or 
completely absent reduction of the auditory feedback (defect) may still effectively 
improve stutterers' fluency. Third, auditory feedback defect theories may not easily 
explain why disfluency in normal speakers too diminishes under noise (Silverman and 
Goodban, 1972; Chapter 4), nor why normal speakers, who do not have any speech 
feedback deficit, produce disfluencies at all. Fourth, noise and DAF speech tasks have 
not been adequately controlled for a powerful alternative explanation in terms of 
changes in speaking mode, like raised output level, pitch changes, or slowing down of 
articulation (Borden, 1988; Wingate, 1970). Finally, as pointed out before, direct 
testing of stutterers' speech monitoring skills did not reveal any significant difference 
with normal speakers (chapter 5). 
Auditory feedback defect theories share with the covert repair hypothesis the idea 
that the occurrence and form of a disfluency depends on the repair activities a speaker 
installs in order to mend some error. Whereas the nature of the error is concerned, 
however, they clearly differ. In the covert repair hypothesis the error is a real one: a 
linguistic flaw in the articulatory plan. The subsequent repair then is functional. Speech 
output would have suffered from a larger or smaller linguistic violation. Under the 
disordered feedback theories the error is only illusionary. Speech would have been 
quite acceptable when the speaker had not stopped to fix the supposed disruption. 
-121-
Moreover, whereas the covert repair hypothesis focuses on Levelt's internal loop 
(Levelt, 1983, 1989) as being the crucial monitoring loop involved in the causation of 
disfluency, the feedback defect theories emphasize the role of the auditory channel. 
SUGGESTIONS TOR FURTHER EXPLORATIONS 
The evidence for the covert repair hypothesis reported in this thesis is convergent, 
but not yet conclusive. Further empirical testing is therefore needed. Some research 
posibilities are listed below. First, as discussed in chapter 1 (p. 18), there could exist a 
relationship between syllabic position of an internal phonemic error and type of 
disfluency which would arise if this error is covertly repaired. If the error is in the first 
position of the syllable, the only way to prevent it is to block on the beginning of the 
syllable (blocks are a common type of disfluency). If the error is in a noninitial 
position, several other types of disfluency can occur. For example, a repetition of the 
syllable onset could result from (the repairing of) a phonemic error in the syllable rime. 
An empirical test of this possibility is to find a way to insert speech errors in different 
syllabic locations1 . If these manipulations not only elicit errors but also disfluencies, it 
would be of interest to see whether the latter are of the expected types. That is, the 
percentage blocks might be highest for syllables in which errors are inserted in initial 
positions, whereas repetitions of syllable onsets would be more frequent with 
manipulated phonemic slips in the syllable codas. In addition, one might examine 
whether, in the latter case, the repetitions contain some precues for the menacing error 
in the later, not yet executed part of the syllable. For instance, coarticulation patterns of 
the repeated segment could reflect the experimentally induced erroneous phoneme in the 
syllable coda2. Data from a recent naming experiment (Postma et al., in preparation)3, 
which are currently being analysed, potentially provide the kind of information needed 
to pursue these issues. 
1
 Techniques which are suited for this purpose might be based upon Baars and Motley's SLIP task 
(Baars, Motley, and Mac Kay, 1975), or upon Meyer and Gordon's response priming procedure (Meyer 
and Gordon, 1985) 
2
 This possibility was brought to my attention by Ar Thomassen. 
3
 Postma. Α., van de Velde, E., and Kolk, II. (in preparation). Vocal latencies as indicators of 
phonological encoding processes in stutterers and nonstutterers. In short, the experimental task requires 
subjects to vocalize a prcpaired response of two nonsense syllables as fast as possible on appearance of 
a response cue. However, in one Ihird of (he trials a different respone cue is presented, requiring a 
reversal of the order of the two syllables. The latter trials necessitale reprogramming of ihe response; 
the additional programming times rcflcclcd by increased response latencies. Phonetic similarity between 
the two syllables in a trial is manipulated systematically. This task has been adapted from Meyer and 
Gordon (1985). 
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A second, related line of investigation concerns repetitions in which a string of 
sounds is repeated not just once but a number of times in succession. Multiple 
repetitions frequently plague stutterers' speech. It has been claimed that the release from 
these types of stuttering blocks is achieved by resetting the articulators to a neutral or 
resting position (cf. Zimmerman, 1980a). The covert repair hypothesis suggests a 
different possibility: multiple repetitions may show a gradual approximation towards 
some linguistic/phonetic target, with respect to coarticulation patterns. The later 
repetitions should be closer to the intended and eventually produced linguistic element 
(see also Van Riper, 1971). 
Finally, future research might focus on phonological encoding processes in 
stutterers. Phonological encoding - the construction of a phonetic or articulatory 
program, i.e. a specification of how an utterance should be pronounced (phonemes, 
syllables, stress, intonation) - constitutes the interface between high level cognitive and 
linguistic processes on the one hand, and low level speech motor execution on the 
other. A phonological programming defect hypothesis of stuttering deserving further 
scrutiny has been conjectured by Wingate (1988): stutterers' encoding of syllable rimes 
is imperfect. The data from the naming experiment mentioned earlier (Postma et al., in 
preparation) can shed light upon the plausibility of Wingate's hypothesis. 
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SAMENVATTING 
Twee vragen zijn aan de orde gesteld in dit proefschrift: welke mechanismen bepalen 
het optreden en de vorm van niet- vloeiendheden (disfluencies); en waarom produceren 
stotteraars er zoveel? In hoofdstuk 1 is een theoretisch kader met betrekking tot deze 
vragen geschetst: de "coverte" correctie hypothese van niet-vloeiendheid (covert = 
latent, bedekt). Dit kader volgt de globale lijnen van Levelt's recente spraakproduktie-
model (1983, 1989). In het kon houdt Levelt's model in dat spraak geproduceerd 
wordt door de uitvoering van een articulatie-programma, dat gegenereerd is door een 
hierarchisch georganiseerde reeks van linguistische en cognitieve planningsprocessen. 
In deze planningsprocessen ontstaan regelmatig fouten, en dit in een verscheidendheid 
aan soorten, resulterend in spraakfouten (speech errors) in de hoorbare spraak. Voorts 
wordt aangenomen dat sprekers de beschikking hebben over een speciaal instrument 
om deze fouten op te sporen en te corrigeren: de spraakmonitor (to monitor = 
controleren, kritisch volgen). Er zijn twee manieren om een fout te ontdekken: een 
intem kanaal, d.w.z inspectie van het articulatie-programma voorafgaand aan de 
articulatie ervan; en een auditief kanaal, d.w.z het horen van de eigen spraak. 
De coverte correctie hypothese relateert niet-vloeiendheden aan de inteme monitor. 
Interne monitoring biedt sprekers de mogelijkheid fouten te detecteren en corrigeren 
voordat deze de hoorbare spraak binnendringen. Dergelijke coverte correctie echter 
heeft een groot risico te interfereren met de lopende spraak, aldus een niet-vloeiende 
verstoring van de uiting veroorzakend. Precieser, er wordt verondersteld dat het type 
covert gerepareerde fout, en de teruggesprongen afstand in een uiting (welke onderdeel 
is van de "eigenlijke reparatie" en kan variëren van niets tot een compleet zinsdeel), te 
zamen de specifeke structuur van de niet-vloeiendheid (d.w.z het type niet-
vloeiendheid) bepalen. 
De coverte correctie hypothese is bedoeld als een verklaring voor niet-vloeiendheid 
bij zowel normale sprekers als bij stotteraars. Speciale aannamen voor laatstgenoemde 
groep zijn: (a) stotteraars hebben normale monitoring-processen; hun niet-
vloeiendheden komen voort uit dezelfde reparatie-mechanismen als welke een rol spelen 
bij niet-vloeiendheden van normale sprekers. Grotere spanning en duur van gestotterde 
niet-vloeiendheden zijn het gevolg van meerdere, opeenvolgende coverte correcties; (b) 
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de hoofdreden voor stotteraars' vloeiendheidsproblemen is een fonologisch program-
meerdefect, dat hun articulatie-programma's bijzonder foutgevoelig maakt. 
SAMENVATTING EXPERIMENTELE BEVINDINGEN 
In hoofdstuk 2 werd een eerste test van het idee dat niet-vloeiendheden samenhangen 
met correctieprocessen uitgevoerd. De effecten van spreeknauwkeurigheid op de 
aantallen niet-vloeiendheden, spraakfouten, en zelfcorrecties {self-repairs) werden 
onderzocht in normale sprekers. Er werd gevonden dat nadruk op spreeknauw-
keurigheid tot aanzienlijk minder spraakfouten leidde, maar niet de aantallen zelf-
correcties veranderde. Blijkbaar nam het percentage gecorrigeerde fouten, d.w.z. 
fouten gevolgd door een zelfcorrectie, toe wanneer nauwkeurigheid van spreken 
belangrijker werd. De aantallen niet-vloeiendheden werden eveneens niet beïnvloed 
door de nauwkeurigheidsmanipulatie. Er bleek dus niet alleen een verhoogde trend tot 
"overte" (= openlijke) zelfcorrectie te bestaan, maar eveneens tot coverte zelfcorrectie. 
De relatieve stijging in niet-vloeiendheid vergeleken met het aantal spraakfouten werd 
gezien als ondersteuning hiervoor. Als zodanig ondersteunen deze bevindingen de 
coverte correctie hypothese van niet-vloeiendheid. In hoofdstuk 3 werden vergelijkbare 
gegevens verkregen voor een groep stotteraars. Een correctie-verklaring, zoals 
gepostuleerd, zou daarmee ook van toepassing kunnen zijn op niet-vloeiendheid bij 
stotteraars. 
Hoofdstuk 4 beschrijft een experiment met normale sprekers waarin de 
nauwkeurigheidsmanipulatie gecombineerd was met maskering van de auditieve 
feedback door witte ruis. Wederom verlaagde nauwkeurigheidsdruk de hoeveelheid 
spraakfouten, maar veranderde niet de aantallen niet-vloeiendheden en zelfcorrecties. 
Ruis, daarentegen, reduceerde wel de niet-vloeiendheids- en zelfcorrectiescores, maar 
had geen significant effect op de spraakfouten. Dit vormt verdere ondersteuning voor 
het idee dat niet-vloeiendheden ontstaan vanuit correctie-activiteiten. Er werd 
beargumenteerd dat ruismaskering op twee manieren de spraakmonitoring had 
beïnvloed. Allereerst, reduceerde het de informatie beschikbaar voor monitoring, door 
geheel of gedeeltelijk de auditieve signalen te onderdrukken. Ten tweede, verminderde 
ruis de algehele grondigheid van de monitor. Dit laatste effect werd gezien als de reden 
voor de verhoogde vloeiendheid van de proefpersonen. Het dient vermeld te worden 
dat ondanks de blokkering van de auditieve feedback, proefpersonen nog telkens 
behoorlijke aantallen overte zelfcorrecties maakten. Dit bevestigt de aanname dat 
sprekers een intem monitormechanisme bezitten, waarmee ze fouten kunnen ontdekken 
en corrigeren voordat deze tot hoorbare consequenties hebben geleid. Een gedetailleerde 
analyse van zelfcorrecties onderbouwde deze conclusie verder. Een aanzienlijke 
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hoeveelheid fonologische fouten werd gerepareerd met geen andere klank tussen de 
fout en het begin van de zelfcorrectie. Het auditieve kanaal is duidelijk te traag om als 
verklaringsbron voor dergelijke snelle onderscheppingen te kunnen dienen. 
Proefpersonen moeten dus vooraf geweten hebben dat ze een fout gingen maken. Deze 
voorkennis kan van een interne monitor komen. 
Hoofdstuk 5 behandelt de vraag of stotteraars verschillen van normale sprekers in 
monitoring-vaardigheid. Specifieker, zoals gesteld in tal van theorieën over stotteren, 
stotteraars zouden kunnen lijden aan een auditief monitoringsdefect, dat 
verantwoordelijk geacht wordt voor hun vloeiendheidsproblemen. In een experiment, 
opgezet om bovenstaande vraag te beantwoorden, moesten stotteraars en normale 
sprekers fouten in hun eigen spraak registreren door op een knop te drukken, en wel in 
twee spreekcondities: met normale auditieve feedback, d.w.z. met zowel het inteme als 
auditieve kanaal beschikbaar voor monitoring, en met de auditieve feedback 
geëlimineerd door witte ruis, d.w.z. alleen interne monitoring mogelijk. Geen 
significante verschillen in percentage fouten gedetecteerd of in "false alarm" scores 
onderscheidden de twee groepen. Dit vormt een indicatie dat stotteraars' interne en 
auditieve monitoring van de zelf-geproduceerde spraak binnen de normale grenzen ligt. 
De uitkomsten weerleggen overduidelijk de verstoorde auditieve feedback theorieën 
over stotteren. In een derde experimentele conditie, waarin de proefpersonen op fouten 
in andermans spraak moesten letten, - deze taak betrof dus enkel een vorm van 
auditieve monitoring - waren stotteraars wel significant slechter in het ontdekken van 
fouten dan normale sprekers. Er werd gespeculeerd dat dit gerelateerd zou kunnen zijn 
aan een algemeen fonologisch probleem, d.w.z een beperking in het geactiveerd 
houden in het kortdurend geheugen van een fonologische norm-representatie, waarmee 
de door anderen geproduceerde spraak werd vergeleken. 
Hoofdstuk 6 onderzoekt de stelling dat stotteraars een fonologische 
programmeringsstoomis hebben. De grondredenering was dat men zou moeten kunnen 
aantonen dat stotteraars' spraakplanningsactiviteiten, voorafgaand aan en onafhankelijk 
van de echte spraakmotorische uitvoering, in een of andere vorm aangetast zijn. Een 
experiment werd uitgevoerd waarin stotteraars en normale sprekers zinnen zo snel 
mogelijk moesten opzeggen, in totaal op drie manieren: in stilte (geen geluid en 
articulatiebewegingen); "playback" (bewegingen maar geen geluid); en hardop (geluid 
plus bewegingen). Stotteraars waren trager in alle drie spreekcondities, het langzaamst 
in de hardop-conditie, en daarna in de playback-conditie. Deze bevindingen suggereren 
een spraakplanningsprobleem in stotteraars: fonologische programmeertijden lijken 
verlengd te zijn. Spraakmotorische uitvoering kan daarnaast ook gestoord zijn, of het 
programmeerdefect heeft sterkere repercussies wanneer echte spraakbewegingen 
gemaakt moeten worden. 
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Hoofdstuk 6 bevat verder een kleine studie naar manuele reactietijden bij stotteraars 
en normale sprekers. Proefpersonen werden getest in trials waarin ze zo snel mogelijk 
op een knop moesten drukken, afgewisseld met trials waarin ze niet hoefden te 
reageren. Stotteraars en normale sprekers verschilden niet in reactietijden of 
foutenaantallen, d.w.z reageren wanneer dat niet nodig was. 
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Stellingen 
behorende bij het proefschrift 
Stuttering and Self-correction 
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Nijmegen, 14 augustus 1991. 
[1] Een theorie over niet-vloeiendheden moet de specifieke vorm 
van dergelijke spraakinterrupties kunnen verklaren (dit proefschrift). 
[2] Als subsyllabische repetities en klankverlengingen het 
directe gevolg zijn van ofwel motorische oscillatie (cf. 
Zimmerman, 1980), ofwel van herhaalde selectie van een incorrect 
motorprogramma (cf. MacKay, 1987), dan zouden ze overwegend van 
subsegmentele aard moeten zijn. Dit lijkt geenszins het geval. 
MacKay, D. G. (1987). The Organization of Perception and Action: 
A Theory for Language and other Cognitive Skills. New York: 
Springer. 
Zinrnerman, G. (1980). Stuttering: A disorder of movement. 
Journal of Speech and Hearing Research. 22, 122-136. 
[3] Theorieën die de oorzaak van stotteren zoeken in een 
spraakmotorisch defect kunnen geïntegreerd worden met een 
reparatie-verklaring door aan te nemen dat een monitor de concrete 
uitvoering van spraakprogramma's controleert en reageert op 
motorische fouten (dit proefschrift). 
[4] Onderzoek heeft aangetoond dat stotteren bij zowel kinderen 
als volwassenen vaak gepaard gaat met andere fonologische en 
articulatorische problemen (Louko et al., 1990; St louis, in press). 
In plaats van deze observaties voor de betreffende subgroepering te 
gebruiken (zuivere stotteraars; stotteraars met articulatie/ 
fonologische problemen; zuivere articulatie/fonologische stoornissen), 
is het wenselijker de mogelijkheid te onderzoeken of verschillen in 
aanpassingen en spreekstrategieën m.b.t. een gemeenschappelijke 
onderliggende stoornis als verklaring kunnen dienen. 
Louko, L. J., Edwards, M. L., and Conture, E. G. (1990). 
Phonological characteristics of young stutterers and their 
normally fluent peers: preliminary observations. Journal of 
Fluency Disorders. 1¿, 191-210. 
St Louis, K. 0. (in press). The stuttering/articulation disorders 
connection. In: H. F. M. Peters, W. Hulstijn, and C. W. 
Starkweather (Eds.), Speech motor control and stuttering. 
Elsevier Science Publishers BV, Amsterdam. 
[5] Indien niet-vloeiendheden uit linguïstische reparatie-
processen ontstaan, is het voorstelbaar dat het afbreekmoment 
gerelateerd is aan syllabe-structuur: afbreking vindt bij 
voorkeur plaats tussen syllaben, of op de grens tussen onset en 
rime, en tussen nucleus en coda. Deze veronderstelling krijgt een 
dwingender karakter als blijkt dat zelfcorrecties van 
fonologische fouten waarbij het moment van interruptie binnen de 
woordgrenzen ligt eveneens dergelijke regelmaten vertonen (dit 
proefschrift). 
[6] De fonologische programmering van spraakuitingen dient in 
stottertherapieën meer aandacht te krijgen. 
[7] Het grootste defect aan het Aio-stelsel is niet zozeer de 
alom veel te laag geachte salariëring, als wel het gebrek aan 
doorstromingsmogelijkheden binnen het wetenschappelijk onderzoek, 
het terrein waar de AIO bij uitstek voor wordt opgeleid. 
[8] Bij de aanvang van het in dit proefschrift beschreven onderzoek 
werd de auteur door tal van kennissen gewaarschuwd zelf niet te 
gaan stotteren. Sinds hij begonnen is aan een nieuw onderzoek 
naar stoornissen in de ruimtelijke waarneming ten gevolge van 
hersenbeschadiging zijn hem vergelijkbare waarschuwingen nog niet 
ter ore gekomen. Dit toont wederom aan dat de leek veronderstelt 
dat stotteren vooral een psychologische oorsprong heeft. 
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